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EXECUTIVE SUMMARY 

The document presents the work pian for the RCRA Faaltty lnvestrgation (RFI)/Remedtal 

Investigation (RI) of the Ope- Una Number 3 (OU 3) at the Rocky Flats Plant (RFP), Jefferson 

County, Colorado Thrs work plan includes a field sampling plan (FSP) that presents the 
investigahon planned to evaluate the presence or absence of contamination at lndlvldual Hazardous 

Substance Srtes (IHSSs) wrthin OU 3 The FSP presented in this work plan s based On the 
requirements of the Interagency Agreement (IAG) amongst the Department of Energy, Emronmental 

Protection Agency, and the State of Colorado Department of Heatth Four IHSSs as identmed in the 
IAG are included in OU 3 They are IHSS 199 (contaminatm of the Lands Surface), IHSS 200 

(Great Western Reservoir), IHSS 201 (Standley Lake) and IliSS-202 (Mower Reservoir) 

Section 1 o of ttus work pian presents introductory informatron dnd agened charactemon of the 

?egion and plant site In addrhon, the regtonal geology a k  hydrologyat Rocky Flats are &used. 

Seaon 2 0 presents descnpbons of the see phy&aI&jaractenstics, histones and pmwous 

investigations avarmle informatron concemmg he- narure extent of contamtnatm, and 

conceptual models for each of the 4 IH data ThsrnrtralchamWmWm 
forms the basts for estabhshlng data nee wes (DQOs), and developing an FSP 

developed for OU 3 Section rformed Sectiin5Oestablshes 

data needs and DQOs cons ics and conceptual models of each IHSS in 

OU 3 A Field Sampling Plan ments of the IAG, IS presented in Section 6 0 to 

satsfy the data n in Sectron 50 The Human Health Rsk Assessment 
Plan and Emron are presented M Sections70 and 80, respednrely 

M u l e  for the RFI/RI tasks. A Qual~ty Assurance Addendum 

ddenda are presented in Sections 10 0 and 11 0, respectively 

r 
c 

9 r 

% 

m --. 

for each IHSS Sedion 3 0 appropriate requirements (ARARS) 

The IAG also reqlnred preparation of separate hlstoncai informamn Summanes and preliminary 

human health nsk assessments for IHSS 199 and IHSSs 200 to 202 The Final Past Remedy Report 
Operable Una No WHSS 199 (DOE, 1991a) and the Hlstoncal Informatron Summary and 

Preliminary Health Rlsk Assessment Operable Una No 3 IHSS 200 to 202 (DOE, 1991b) were 

submrtted to EPA in Apnl1991 The Final Past Remedy Report Operable Una No 3-IHSS 199 (DOE, 

1991 a) has been approved by EPA and CDH The Hstoncal InformaQon Summary and Preliminary 

j i  

I 
I 
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I 

Surface soil samples will be collected wfthin a 1,OOO-meter grid east of Indiana street Vertical 

profile soil samples will also be collected in undisturbed areas. Soil samples wlll be anwed for 

radmnuclides total organic carbon (TOC) butk dens*, and grain sue 

SEDIMENT 

Sediment samples will be collected in the OU 3 dramages and in the three reSeNOirS sedmnt 

samples will also be collected along the shores of each of the reservoits Sediment Samples wll be 

analyzed for radionuclides, target compound 1st (TCL) voiat~les, target analyte list VAL) metals, 
TOC bulkdemty andgramme 6* 

SURFACE WATER 

-5% 
x 

Surface water samples wll be collected in the OW 3,dram&es and in the three reservolfs. The 

Two groundwater monrton 

groundwater monnonng wells 

analyzed for radionu 

led near Great Western Reservoir and two 

Standley Lake The groundwater samples wll be 

AIR 

Air samples will be collect ing areas along the shores of Great Western Reservoir and 

Standley Lake The ar samples wdl be analyzed for plutonium and amencium 

TERRESTRIAL BIOTA 

Qualltatnre and quantrtatwe field sunreys wll be conducted Vegetation wildlrfe/hm types and 

wetlands/npanan zones will be idemlfied as part of the qualitatwe surveys Vegetation ‘ 0  
RFlm work Plan for ou 3 
Rocky Fiats Plant Golden Colorado 
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7 0  

INTRODUCTION 

Thls document presents the work plan for conducting the RCRA Facfllty I n v e s t i g m d r a l  
IWestIgatm (RFI/RI) of Operable Una No 3 (OU 3) at the U S Department of Energy WE) Rocky 

Flats Plant (RFP) Exstmg information is Summanzed to characteme OU 3, and a field Samprq 

program IS developed to assess the nature and extent of contamination at the four lndnndual 

Hazardous Substance Srtes (IHSSs, or Srtes) which comprise OU 3 IHSS 199 (contarmnabon of 

the Land s Surface), IHSS 200 (Great Western Reservoir), IHSS 201 (Standley Lake), and IHSS 202 

(Mower Reservoir) The OU 3 RFVRl IS part of an ongolng program of ste charactemabons, remed- 

ial ivestrgittlons, feasbillty studes, and remedial actions at theBFf 

1 1 DOE ENVIRONMENTAL RESTORATION PROGRAM': %s, % 

*%. 

under the DOE Environmental 

ate, and d necessary, remediate 

.$ 
g. 

8 %  

k, >." 
$ 

3 

and remedlatron of RFP Ous are 
Restorat~on (ER) Program. The ER Program 6 d 0 contaminatedsitesatDOEfaalmes The 

0 Actnrity l-lnstaUation mg prelimnary assessments and s t e  

0 lncfuding the development and mplementatlon 

determine the magnnude and extent of contamiMbOn 

0 lity Studies to evaluate remedial aitematrves and develop 

remedlal acbon plans, as necessary, to remediate srtes identmed dunng Acbvffy 2 

e 
0 Activity 44emedial DesigtWRemedial Acbons, including design and ~mplementa- 

tion of site-speCmc remedial actions selected on the bass of Actnnty 3 Feasibillty 

StUdleS 



1.2 WORK PLAN SCOPE I 

”- b 



Define sources of contamtnatton 

0 Descnbe the nature and extent of contamination 

0 Descnbe contaminant a e  and transport 

0 Pmde data to support a Baseline Risk Assessment (BRA) to establish the baseline 

nsk for the OU and to evaluate the need for lntenm MeasuresAntenm Remedtal 

Actfons (IMARAS) 

This work plan IS organlted into the following m o n s  
n 

a x  

0 f*? Section 1 0 provides introductory informat~m aqJ a general charactenzat~on of the 
2,. ** 

RFP and the sumundmg region z %* ”, 

Section20 presents a characterpawn W& 3 ste condjtKw1s, prev~xls emton- 

mental InvesttgatKMs, available informam 
taminatJon andconceptu Is (IHss199) and the reseIvoIrs 

I \* 
0 ”., -L&* s.” 

-ding the nature and extent of con- 
* s. 

(IHSSs200 201, and=)\ 

0 Applicable or Relevant and Appropriate 

0 RFI/F?I tasks to be performed 

0 es data needs and Data Oualfty Ob~ectwes (DWs) based 

emation informat~on presented in Secbon 20 

0 Section 6 0 presents a Field Sampling Plan (FSP) to SaWy the data needs and 

DQOs identmed m Sectton 5 0 

0 Section 7 0 presents the Human Health Rlsk Assessment Plan for OU 3 

0 Section 8 0 presents the Emronmental Evaluat~on Work Plan (EEWP) for OU 3 





Construction of the WP began in 1951, and the first productton activities Commenced the fdlmng 

year Operation of the RfP fell under the administration of the U S Atomic Energy Commission 
(AEC) from 1951 unt~l the AEC was dissolved in January 1975 Responsibility for the plant was then 

transferred to the Energy Research and Development Administration (ERDA), which was succeeded 

in 1977 by DOE Dow Chemical USA was the pnme operating contractor of the facillty from 1951 

until 1975 Rockwell International succeeded Dow Chemical USA from 1975 through 1989, when 

EG&G assumed RFP operations 

1 3 2 Physlcal Setting 

The RFP IS sltuated on 6,550 acres (ac) (2,650 hectares [ha]), of federal property in Jefferson 
county, Colorado, 16 miles (mi) (26 kilometers [km]) northwest OF downtown Denver The 385 ac 

(1s ha) man produrnon faa~lty of the RFP, wfthin the p~ard*mntroilec~ area, is surrouncied by a 

6,150 ac (2,491 ha) buffer zone which delineates the RFP bounthry (Figure 1-1) 
%% 

Y 

132.1 Cllrnatdogy 

\ 

The RFP area has a semrand chmate typ 

controlled in large part by the nearby slopes 

Windsmtheareaare inantly from the west (westerly) Stronger 
winds occur dunng the wmt occasionally experiences gusts in excess of 

lo0 miles per hour Area tem erate, extreme hot or cold weather lypically IS of 

short duration Averag range from 55 to 85 degrees Fahrenhelt 0, 01 13 

to 29 degrees Cekiy* peratures t y p d y  range from 200 to &OF (e to 7%) 

&y Mountam regm Local climatology IS 

@E, 1980) "r;*, 

Average total precipttatton RFP area IS approximately 15 inches per year (in/yr) (38 CmEyr), 

with 40 percent of thls falling dunng the spnng Snowfall averages 85 idyr (216 Cmfyr) (DOE, 1980) 

Ra~nfall intens@ and dumon vary Wely Dunng a $year hydrological study of the RFP between 

1972 and 1975, mnfall mntensttes vaned from <O 1 i/hr ( e 0  25 Whr) to approximately 0 5 i/hr 

(1 25 cmhr) (USGS, 1976) Frontal szm wnh long, low-intensrty rarnfall duratKKls occur In the 

autumn and early spring while short intense cloudbursts are frequent in the late spnng and 
summer months 0 
RFIm work man for ou 3 
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I 1 3 2 2  Physiography e 
The RFP IS srtuated at an elevation of approxlmately 6ooo feet (ft), or 1830 meters (m), above mean 

sea level, on the western margin of the Colorado Piedmont SechOn of the Great Plains PhySiO- 

graphic Pmnce (Fenneman, 1931) The srte IS located where the Colorado Pledmont IS terminated 

abruptly by the Front Range Section of the southern Rocky Mountatns The Front Range rises to 

elevabons of 12,OOO to 14,000 ft (3,660 to 4,270 m) to the west of the RFP ate 

The cdorado Pledmont represents an old emonal surface along the eastern margin of the Rocl<y 

Mounta~ns. It IS undedatn by gently Qppng sedimentary rocks whtch are abruptly upturned at the 

Front Range to form hogback ndges parallel to the mountsun front The piedmont surface IS broadly 

rolling and slopes gently to the east unth a topographic relief of several hundred feet (appraxl~ely 

100 m) Thls relief IS attnbuted both to resistant bedruck uqd tt& nse above the landscapeand to 

inused stream drainages. Major stream valleys run predo&hc$ly&om west to east in the area. 

Numerous local valleys from mtnor tnbutanes also extst W E ,  198QY~ - 

In the FFP area, a senes of Quaternary pedi A& deposrted across the roilmg 

pledmont surface and inctsed by several RFPrslocaeedonarelahvetyftat 
surface formed by one such pediment. nerodedbycreeksonthenorthand 

south to form a terrace that 150 ft (15 to 46 m) The grade of the 

-ed pediment surface ran 7 pemh at the RFP toapprcmmately 2 percent just 8ast 

ofthe plant (DOE 1990) 

P 

54". 

kv 

%- 

k .+ 

" %  

1 3 3  Geologicsettin 

The Rocky Flats 

cline that formed 

steeply to the east, while 

approximately 10 mles (16 km) east of the RFP 

northwestem flank ofthe Denver Basm, an asymmetric syn- 
Laramide Orogeny The western limb of the basln dips 

ips gentiy to the west The axls ofthe basn IS located 

1331 Bedrock 

The Cretaceous-age Arapahoe Formation underlies sutficial de- in the RFP area The maxi- 

mum thickness of the formation in the area IS approximately 270 ft (82 m) The Arapahoe Formation 

consists of fluvlal claystones vvlth interbedded, discontinuous sandstone and SdtstOne lenses and 





1 3 4  Hydrology 0 
The fdlowng sections contan general information about the surface water and groundwater sys- 
tems in the RFP area 

1 3 4 1 Surface Water 

several ephemeral streams flow through the RFP area. Three of these streams (North Walnut 

Creek, South Walnut Creek, and Woman Creek) onginate wrthin the RFP boundary and flow 

g€%Ierally eastward from the plant srte The Walnut Creek and Woman Creek drainages wrthm the 

boundary of the RFP are bang investgated under the IAG as OU 5 and OU 6, respectively A 

foufth ephemeral stream, Rock Creek, originates in the Bder  Zone northwest d the matn 

PrOdUchOn hcilrty and Rows northwest from the RFP (Figure 1-2) Other surface water features in 
; * *  the vlclnlty of the plant indude a complex network of manmade d t y k n s  and impoundments. RFP 

surface water features are shown in Ftgures 1-2 and 1-3%$&w into and*knthm these features results 

related acbwbes A srtewde study of the hyd ined that surface runoff in the 

Woman Creek basin averages only 1 4 pe ng elther a high sol1 infiltration rate 

or high surface rete- capacity Ths fig fot longclurat~on, low-mtermty 
precWaQon, w w m a y  be much 

134.2 Groundwater 

Two hydraulicalty-cm 

which IS present in 

O ~ S  and wastewater from h u m -  

n, high intensity event (USGS, 1976) 

ms extst in the RFP area An unconfined system 

hs (the upper hydmtratgraphic unn) m many areas d 
ones and sandstones of the underlying Ampahoe Forma- 

GS, 1976) The shallow unconfined system IS recharged 

ow water (such as dramages 

and resemrs) Groundwater flow IS generally to the east and towards dmnages Groundwater 

locally discharges as seeps or spnngs in dmnages, espeually where the sumclal deposlt/bedrock 

contact IS exposed Large water table fluctuat~ons may oocur in the shallow system in wn~e to 

seasonal vanations in recharge and discharge, m h  the hghest water levels generally occurring 

dunng the months of May and June and the lowest water levels generally occumng in Jan- and 
February As a result of these fluctuatmns the lateral and vert& extent of saturated surFiaal 0 deposits vanes seasonally Several past studies have measured hydraulic conductnaty in the upper 









season Fish spec- are most abundant in the larger ponds and reservoirs, and are mostly absent 
in the intermrttent streams 

Vegetason in the terrestrial ecosystems are representative of high plans and foothill ravine regtOnS, 

and indude nabve grassland wrth tail and short prame grass spec= and assouated shrubs and 

forb6 Ripanan and wetland vegmon occurs along dmnages and around springs and Seeps 

Pmons of the grasslands and npanan vegetatmn have been converted to other land uses, and the 

grasslands have been and are bemg grazed as rangeland 

Flora in the RFP area are representative of lower mountarnous and footh~ll ra~lne regtons and 

indude species of tall and shoR pmne grass. Ripanan vegetaMm occucs along drainages and In 

wetlands. None 05 the vegetatnre species present at the RFP arelqmted to be on the -red 
species 1st (EG&G, 1991a) Many of the disturbed areas o€&%FP have been cevegetaded snce 

esta~~shment of the plant uslng native or vrtroduced s e h \  y4 

The fauna mhabmg the RFP area are typ~cal ofvgestem p&ne reglons. The most Common large 

mammal IS the mule deer There are a number &qmii~immnmes, such as the ~ayate, red 

Stnpedsk~nk,andlonpta~ledwea~el N are found throughout the atea, 

mon to the area include the westem , mourning dove, and vesper spartow 

Killdeer, red-INlnged blackbirds areseennearponds. Mallardsandother 

ducksfrequentlynestand o f  prey m the area include the mzvsh hawk, 

red-tailed hawk, femginous hawk, and great homed owl Bull snakes and 

observed. Thee 

luardsarenotcom 

are found in and 

4 %. 

Ld 

%L 

4 k . ' f  

-+% a 

mluding the pra~ne dog met gopher, andthemeadow& B d C O m -  

rattlesnakes are the rephies Eastern yellow-bellled ram are also 

has been reported on the RFP, but these and other 

ewestem pa~nted turtle and the western plans 

The U S  Fish and Wildlte S e m  has indlwted that the two endangered species of interest In the 
RFP are the bald eagle and the black-footed fenet (Fb&vell, I-) Prame dQg towns the 

food source and habnat for ferrets 
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TABLE 1-1 

CURRENT AND PROJECTED POPIJUTION IN THE 
VICINITY OF THE ROCKY FIATS PLANT 

Segment 

Sector B C D E F G  H Sum 

Year 1989 

1 0 

2 0 

3 5 

4 0 

300 5 - 

SUM 305 

Year 2Ooo 

0 0 0 0  0 0 0 

0 0 0 0  0 0 0 

13 0 0 0 17 0 35 

22 0 283 46 - & $  215 616 

25 3,671 477 538 2355 7,419 13 
< "., (r 

---LL- - 
x c  

48 25 3954-&3  6 4 5 b O  8070 

1 0 0 0 

2 0 0 0 

3 5 0 35 

4 *4$ 96 50 630 1469 

542 1,259 6457 14,510 ---- 5 

4844 638 1326 7087 16,014 

0 0  0 0 0 

2 0 0 0  0 0  0 0 0 

3 5 13 0 0 0 17 0 35 

4 0 389 14 644 142 50 1007 2.246 

2189 1069 25 5009 601 1879 10,186 20958 5 -- ------ 
SUM 2,194 1,471 39 5,653 743 1,946 11,193 23,239 

Source DOE (in press) 
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A 

NOTE 

Figure 1-7 
LOCATION OF ONSITE 

AND PLANT PERIMETER 
AMBIENT AIR SAMPLERS 

;OURCE EG&G ROCKY FIATS "ROCKY FIATS PLANT MONTHLY 
ENVIRONMENTAL MONITORING REPORT" 



SOURCE EG&G ROCKY FLAn 'ROCKY FIATS PLANT MONTHLY 
ENVIRONMENTAL MONITORING REPORT" 



Specific stations did not signrficantly drffer from nearby ambient ar  monrtonng program sampler 

data, and the lawsurt-specific stations were therefore removed (Rockwell, 1978) 0 
Airborne plutonium concentrations were monrtored by the RFP immediately downwtnd of the remedy 

acreage dunng cwrt-ordered tilling to supplement data obtatned from permanent StatKKIS dowmnd 

of the acreage A tabulahon of the 1987 remedy-spectfic monrtonng data IS included in Rockwell 

(1 988b) A summary of average annual ambnt atr plutonium concentrations from selected monttor- 
mg stattons near the remedy acreage dunng the penod of remedial actnaly (1985 to 1988) is pro- 

vt&d in Rockwell (198%) 

1 3 8 2 Effluent Aw Monitoring 

RFP effluent air has been monrtored since RFP open+& is51 3% Effluent air monnonng IS 

addressed in deta~l in RFP monthly and annual emronme’pIhcr&mng reports @ow et d , 1971 

to date) and in the FWP Emronmental Impact Stat& (DOE, b B 0 )  conhnuous effluent 81r 

samplers are located in the venhlat~m exhaust 

the RFP As IS the case wrth the ambent atr monrt ram, the samplmg and anaiybd proto- 

colsforeffluentarmonltormghavevaned of the RFP Plutonm analyss of 

effluents were analyzed for total 

long-lived alpha radiation only Under curre uentarrsamplesareanalyzed at regular 
intervals for total long-lived esfromeach exhaustsystemarecompo- 
SRed monthly into area-speufi ed for plutonium, amemum, uranium, and 

beryllium Exhaust streams k man tnhum are also analyzed for m u m  concen- 
tration three t~mes 

A *  

5 . 3  

x “L9 

~ ~ a n d ~ b u ~ a t  

selected effluent arr samples began in 1 

1 3 8 3  

Beginning in 1984, sol1 been collected annually by the RFP to evaluate changes in 

so11 plutonium c0-m me sol1 monrtonng program IS addressed in deml in the RFP annual 
emmmental monrtonng reports @ow et al ,1971 to date) Under current protocol, solls sampies 

are collected once per year from 40 aes located on concentric ardes 1 and 2 miles (1 6 and 

3 2 km) from the center of the RFP and are analyzed for plutonium A similar sort Sampling program 

was conducted in 1977, with the addrtm of 17 samples collected from locatKMs on a arcle 5 miles 

(8 km) from the RFP center 0 I 





The crties of Northglenn Thornton, and Westminster each monitor raw water influent from Standley 

Lake at their respectwe water treatment plants for VOCs gross alpha, and gross beta. Westminster 

also monltors treated tap water for gross alpha and gross beta. Woman Creek IS sampled immedi- 

ately east of the RFP boundary once each month by the Cny of Thomton and is analyzed for 

59 VOCs. Another locabon along Woman Creek IS sampled weekly for gross alpha and gross beta 
analysis Standley Lake water IS sampled monthly near the Westminster treatment plant mkt and 

analyzed for 59 VOCs Water IS ako sampled monthly near the standley Lake dam at SD( different 

depths and analyzed for gross alpha and gross beta (CDH, 1989) CDH conducts quarterly 

sampling of Standley Lake for analyses of selected herbicides, pest~~~des, metals, BNAs, and radio- 

nuclides Westminster water treatment plant influent from Standley Lake IS analyzed Weekly by CDH 

for selected radionuclldes (CDH, 199ob) 

The RFP, CDH, and municipal monitonng programs have prW% a large volume of data to-assesS 

the potentral impacts from RFP r e m  on surface met:  + h a m n g  Is c ~ n d ~ d e d  in part to 

ensure that the RFP meets appiica~e state and fed& water v&lty standards. 
standards have vaned since the opening of the RFp i&lQy~urrentry applicable standards for the 

* a  

6 

w- 

b 

The Nabonal Pollutton D System (NPDES) standards for the 

drschargesfrom the plant 

r radioacbve contaminants in c o m m u ~  water 

co ntrol Commission (CWQCC) water qualii standards 

nonradtoactrve contarmnams, which were adopted m July 

ments of Big Dry Creek basin 

Descriptions of these standards, and information about RFP compliance Hnth the standards, are 

contamed in the RFP monthly and annual envtronmental monitonng reports @ow et al , 1971 to 

date) 
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OU 2 studies are investigating Pad 603 which IS believed to be the source area for contamination 

associated with OU 3 OUs 5 and 6 studies are investigating Woman Creek and Walnut Creek 

respectively The dratnages from these creeks flow offste and into OU 3 Work efforts for OU 3 will 

be coordinated with efforts at OUs 2, 5 and 6 As informatron from other OUs becomes available 

the data wll be rewewed and incorporated into OU 3 work, as appropnate 
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2 0  

SITE CHARACTERlZATlON 

OU 3 IS unique among RFP OUs in that lt IS located outside the RFP boundanes The locatrons of 

each of the four IHSSs (Sltes) in OU 3 relatwe to the RFP are shown in Figure 2-1 Subsections 21 

through 24 descnbe site condltrons, p m u s  environmental investigabons, and av;ulable 

information regarding the nature and extent of contaminauon for IHSSs 199 through 202, respec- 

tweiy Conceptual models for contaminant fate and mobiltty in soils (IHSS 199) and resecvolrs 

(IHSSs 200 to 202) are developed in Subsection 25 

21 IHSS 199 (CONTAMINATION OF THE LANDS SURFACE) 

IHSS 199, Contaminatton 05 the c and's surface, specmcxilpti+saffsrte soli contamiab~n as a 

result of RFP releases Included whhin IHSS 199 area&roxirnate$&Oac (142 ha) of land whlch 

were the subpct of ActlonwNo 754-1 162) by the land 

owners wrist the Unlted States and other M e n  er refened to as the lawsuit), alleg- 
ing contamirmon ofthe land sutface by unngItsoperrrtingiustory Several 

techncal investigattons and studies of the conductedbytheMnouspattt0sto 

Settlement Agreement finallzed in July 

required that the RFP undemke reme- 
referred to as the remedy acreage) contsumng 

level adopted by the court from a CDH mal 

0 9  pCdg (003 Bq/g) Two contguoustraCtS of land, 

Broomfield and JefFem County, were targeted for 

have been undemken on 

* 

% ,' 

dlal actron on those pomons 

plutonium at concentmuons 

remedmon based 

120 (49 ha) of J acreage (Subsection 21 22) 

2.1 1 Locatron and Description 

As presently detined IHSS 199 includes all soils omde of the RFP boundary which are c0ntaml- 

nated by releases from the RFP The IHSS 199 boundary, therefore, IS delineated by the extent of 

affslte contamination, whlch has not been conclusnrely defined Previous work which has attempteed 

to determine ths extent s detakd in Subsectton 2 1  4 2 Past attempts to define the presence and 0 
FinalDndtWorkplon 

July3 1991/1290NOon 
Page21 





extent of offsrte soil contamination have focused almost exclustvely on arbome plutonium emmom 
from the RFP 

The remedy acreage IS med on two contiguous tram of land totalling 350 ac (142 ha) in the 

southern half of Sectton 7 and the western haH of Section 18, Township 2 South Range 69 West 

v2s, R69W) Both areas are just outside the eastern boundary of the RFP, approxlmately 1 5 miles 
(24 km) east of the main production area of the plant (Figure 2-1) Both are generally d-nd 

and downgradtent of the RFP 

2 1 2 History of IHSS 199 

Under the terms of the 1985 Settlement Agreement wrth landowners a 2504% (101 hectare) tract of 

land was transferred to Jeffersosl County for use in its OpepSspakce program, and 100 adJoming ac 
(41 ha) were allotted to the Clty of Broomfieid for future e$ms~on of Great Westem Reservoir 

These lands were deeded wnh the understanding that&kFP wouMimpkment remedd aCtnM~eS 

J M ~  county requested in 1986 that r~nedti i *&ce 7 *  on the portlons of their acreage 
o n t h e s e 3 5 0 a c ( 1 4 2 ~ ) a s s ~ ~ i n t h e s e t t l g m e n t ~  attherequestoftheowners 

targeted for remedlatKKI To date, the re lh&wwlted on 120 of the 250 ac of 
Jeffers~nCountyland Ratherthanallowi acreage as open space, the county 

tabon IS completed To date, 

ediat~on on theu affected acreage, and has not 

war Broomfield does not allow puMc access 

Broomfield has not requested 
proceeded wrth plans to 

to t h ~  bnd 

hlstory of IHSS 199 and descnbe the remedlal actions 

21 2.1 History of Litigati 

In May 1975, a lawsurt was filed aganst Rockwell Intematmd Corporatton, Daw Chemical 

Company, and the Unrted States of Amenca by the Church (McKay) phntlffs and Great Westem 

Venture partnership (U S Dmct Court, I-) The p~arnttffs holdings conssted d approxlmately 

ZOO0 aC (810 ha) to the west south and east of the RFP The plantrffs alleged that their lands were 
damaged by releases of plutonium and other radioacttve matenals from the RFP The plaintiffs 

darned that these matenals had rendered their land unfit for human habmon and had diminshed 





to Vet'@ that plutonium concentrations were reduced, and to revegetate the trlled soils to Provide 
stabillung vegetation Spectfic standards for evaluating the success of revegetation were not 
included in the agreement. The option of remediating the land through 'other processes' was left 

open in the agreement. The selected remedial actions were jointly agreed upon by Rockwell Inter- 

nat~onal, DOE and CDH One o f  the condmons o f  the agreement was the preman and d!ssem- 

i m o n  by the RFP of an annual status report on remediation progress. The RFP currently pIovldes 

semiannual status reports The Settlement Agreement also made provisions in the event there are 

any future release(s) from the RFP If a release occurs, the RFP must demonstrate that contami- 

nants on affected propertles do not exceed appltcable standards 

0 

Court-su~rvtsed sol1 sampling was conducted in 1985 on the affected lands according to CDH 

sample coilecbon protocd (Rochell, 1985a, Rockwell, 1985b) *'&qxcumately 350 ac (142 ha) of 
land wth concentratwxls of plutonium greater than 0 9 pC&j* (Ohm Bq/g) were delineated-ly the 
sampling program. These areas, whlch were subsequent&*tr&@rmd to Jefferson County and the 

City of Broomfiekl, are the only land to which the Court& &&al acbon apples Another 

490 ac (198 ha) perbnent to the settlement did not ex& t#hot l  plutonium concentraton hmit and 
\* 

Lie.$ J 
4 therefore were not targeted for remciia~ action. 

The 1985 sampling data corroborated earliq, areas onginally cuttnrated vvlth wheat 

plutonium It was also noted that aver- 

age plutonium concentrations in to have decreased signficantly between 

1977andi985 Thtsappare been due to plutmum m~ratKKI (see discus- 

son in Subsection 25 1 4) also have resulted from (1) the use of different 

laboratones utllung nques, (2) the slgnmcantly hrger area represented by 

as compared tothe 1977samples (02 ac (0 Os ha] per 

ling technques used dunng the two studies 

On May28,1986, M e  requested that the remedial acbons be undertaken on their 

lands (Rockwell, 1988c) To date, the Crty of Broomfield has not requested that their lands be reme 
dlated 





0 

charactermcs, slope length and gradient, vegetative cover, and field width Work 

on the other set of stnps shall not begin until the first set IS successfully reestab- 
lished in grass Property done, rhls will mimrnae erosion in 'normal weather There 

shall be some standby provisions for emergency erosion control such as extra 

mulching and sediment-ttapping diversions, in the event of unusual weather 

0 Soil Prepration-May ts the logical m e  for the plmng, dlsclng, chseling, and 

harrowing opemom mxssary to satisfy the soil mwng objective of the remedial 

actlon plan and to prepare a seedbed for the m e r  crop The frequency of blkge 

required depends on successful reducbon of sol1 plutonium concentrahom to the 

remedy action level Addltions of n w e n  and phosphorous shall be made as 

necessary 

Cover Crop-The revegetatm scheme uti&= &$kccrop (forage sorghum) which 

will be planted in J U ~  when the sol1 &imrmed to& (160~) 

..3x 

9 
,** x 

P % -+.* 

W 

L 

0 

e 

0 

gmund after November Y 

Mulch-The mer crop ue for soil prutecbon If It is 

n through estaMlshment of the grass seed 

chances for a SUCCeSSfUI planbng Supplemental 

dunng estabkhment ofthe cover crop 

resuspenslon d plutonium on the 
g operat~~l wtll be conducted only when the sod molstwe 

than 15 percent and the wtnd veloaty IS less than 15 mph (24 km 

per hour) Portable air samplers wtll be operated downvmd from the soli mwng 
operatrons during all phases of the program The samples wll be analyzed for 

plutonium and all mes wtll be shut down f the plutonium concernratton in the ar 

exceeds acontrol level of002 pCi/wbc meter (74 x 104 Bq percubc met@ 

Maintenanc+Areas that do nat develop sahsfactory ground cover in a reasonable 
length of bme (two growing seasons) would be reseeded after an evaluation of the 

RFVn Work Plan for OU 3 
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TABLE 2-1 

IHSS 199 REMEDY ACTIONS 

June 1986 

July 1986 

July 1986 

July 1986 

November 
1986 
June 1987 

June to July 
1 987 

July 1987 

November 
1987 

November 
1987 

Soil tilling and subsequent seed bed 
preparatlon ofthe northem area 
(appraxlmately lo0 ac) in Section 7 

Inmated appltc8tton of sorghum seed on the 
approximately 80 ac successfuffy remedlated 
in Sectron 7 
Second ttlling opemon of the approximately Unsuccessful, plutonium concentratton 
20 ac m Secbon 7 where the inrtial effort was exceeded the standard 
uns-1 The opemon consisted of ' 
ttlting the area three more times. 
mtrd tilting operation of the approxlmatW+ 
20acin~ecbon7 ~rsoperattoncondteci % x  'L 

of deep plmng an addmnal three ttmes and * 

Partial success, approxtmately 80 ac 
were successfully remedated and 
approximately 20 ac exceeded the 
plutonium concentraton standard 
First sprouts appeared 08/04/86 

-4 
2 
e u c h u ~ l y  remedated 

m stopped gmng m October 
sorghum seed 
Applled wlld grass seed to 

Hlllted after the first frost. 

20actnSectKxr7 

Successful, sorghum came up well 

pmal success, appmmately 15 ac 
were successfully remedlated and the 
m n m g  apprommatety 5 ac 
exceeded the plutonium commmtmn 
standard 

approximately 5 of the Successfully remediated 

control on the approximately Very successful 
I00 ac in the Notth Area in Sectton 7 that 
were remediated. The area was sprayed wtth 
Roundup herbade The pnmary target was 

Conducted weed control by disang the 
approxtmately 20 ac of remediated land in the 
South Area in Section 18 

-grass 
Unknown 
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fHS!3 199 REMEDY ACTIONS 
-udsd) 
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i 0 600 FEET A 

SCALE APPROXIMATE 

REPRESENT POST-TILLING CONDmONS. 

SOURCE ROCKWELL INTERNATIONAL. "REMEDIAL ACTION 
PROGRAM ON JEFFERSON COUNTY OPEN SPACE LAND STATUS 
REPORT FOR PERIOD JANUARY 15 1987 TO OCTOBER 15 1987" 

Figure 2-2 
REMEDY ACREAGE TILLED 

STRIPS - SECTION 18 
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SignmcanyI reducing the amount of land requinng reseeding The January 1991 report Proposes 
the f O ~ ~ ~ n g  actlons to facilitate revegetation of the remaining acreage 

0 Weed control 

0 Pmne dog suppression 

0 Change of seed mmre 

Imgation of the revegetated areas, which was proposed in the 1990 Remedy Status Report ( E a G ,  

199Oc), IS nat being considered because of water quallty mues in uslng RFP water for mgabon and 

concerns over surface runoff transport of contaminants from the remedy axeage 

Because soil samples collected from the remedy acreage in 1986 and 1987 (Table 2-1) do not meet 

current quailty assurance  protocol^, sol1 samples were ~II&&I a w n  in ~anuary 1991 ftom both 

lands. These samples will be analyzed for plutonium-& amendm and the results reported as 

1? 

tllled and untdled Jefferson coumy acreage to confirm t~w21~u imlurn  ~ I o n S  on these 
* 4  

x 

soon as they are aMllable (E-, 1991~) ,.“ / (%’ 
”, x- ,; . , -  

%* Q 
2.13 lHSS199conditions 

The fdlonnng secbons address the  is, brota d IHSS 199 Because IHSS 199 

boundaries have not , -ad  because site c o n d i i  at the IHSS 199 

remedy acreage adPn1q ded in deta~l, the fdlowrng focus 
pnmanb upon stud= of the 

2131 sdk - 

A general description of e IHSS 199 areaseastand south ofthe RFP IS provded inthe 

SCS Sal Survey of the Go Colorado (SCS, 1980) According to thls sunrey, soils in the 
area are charactemcalty well dmned, clayey and loamy soils on hlgh terraces, hill slopes, and 

fans. The pnmary sod type in ths area IS mapped by the SCS as Nunn-Denver complex, comprised 

of approximately 45 percent Nunn, 25 percent Denvery and 30 percent other sod types and Urban 

land Nunn and Denver sofls are deep and well draned, and form from clayey mat& dernred 

predormnantly from mudstone and shale The surface layer IS a clay loam The Nunn subSMl1s a 

clay loam to a depth of 60 in (152 cm), while the Denver subsorl IS clay to the same depth The 0 

1 





successful revegetation of the remedy acreage w ~ l l  greatly reduce the contnbution of surface runoff 
and erosion to plutonium transport at IHSS 199 

Rwqetatton of IHSS 199 remedy acreage has been hampered by abundant cobbles in the soil, 

which were brought to the surface by tilling Surface accumulations of cobbles are estimated to 

mer Some 30 percent ofthe 12Ot1lled ac and in some areas cover nearly 90 percent ofthe sur- 
face (EG&G, 199Oc, EG&G, 1991b) An ~ n a c t ~ e  gravel pt IS located n the northeastern comer of 

the Section 7 remedial acreage It can be inferred from these observabons that the rock fragment 

content of some port~x~s of the remedy acreage soil IS appreciable perhaps 15 to 20 percent or 
more by volume 

2 1  3 2 Surface Water c 

P 

The CIQ of Broomfield remedy acreage in w o n  7 abuts Grbt Western Reservcur to the north 

The Jefferson County remedy acreage in secbon 18 sunoands ~owet.r~eservolr (IHSS 202) Mower 

Resewoir sfed by a dwemonfrom Woman Creely%@ich.Sf&sfromthe southern part ofthe RFP 

outflow from MC" R ~ ~ ~ I V O U  discharges to the &st+, *&wit~ally entenng standlqr me. woman 

bcpdtyremedy acreage before dlschargmg 
to Standley Lake (IHSS 201) 

c 

+ 

'b 

0 CreekWtraversesthesouthemendoft 
\u 

% 

Exmng slopes at and near 
to the west also are present 

channels whch flow 

POttKlnSofthe 

Western Resewar 

womancreek. 

2 to 15 pement, generally to the east. Slopes 

the remedy acreage dmns into two ephemeral 
e into Standley Lake (IHSS201) (USGS, 1980) 

d remedy acreage in Secbcm 7 dram north mto Great 

mmost Sectmn 18 remedy acreage dmns d i m  into 

The frequency runoff depend upon several fact- incluchng sol1 infih&m 

Capacny, surface vegetation, and slope The clay loam solls at IHSS 199 are assumed to have rela- 
Wely low infiltmon capaaty because of day content, except where fractures may have slgnm 

increaSed verbcai permeabilny Vegetation cover, addressed in more d-1 in S~bsectlon 21 3 4, os 

somewhat sparse, conssting most& of m e  grasses and weeds. Parts of the 120 ac of remedy 
acreage tilled dunng 1986 to 1987 conmn adequate to marginal ground cover of perennial grasses 

and weeds Some surfaces of the remedy acreage are poorly vegetated because of p i n e  dog 

! 
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but unreliable stabillzaon of soils As of late 1990, planted grasses have become establshed on 
approxmately 50 percent of the northern (Section 7 )  remedy acreage and provide excellent Soil 

StabIlKatIon Planted grasses were charactenzed as marginally established on 15 to 20 percent of 

the northern acreage and unestablshed on 30 to 35 percent of the acreage owtng primly to Sur- 

face cobbles and competnion from weeds (EG&G, 1991 c) The seed mix mandated by the Settle- 

ment Agreement includes western wheatgrass, sideoats grama, pubescent wheatgrass, and smooth 

brome (SCS, 1985) Winter wheat and sorghum also have been planted on these lands as winter 

mer to help prevent soil eraon during remediation 

Fauna indigenous to IHSS 199 are believed to be similar to those described in Subsection 1 3 5 for 

the RFP area as a whole It has been noted that a signmeant pwne dog populatm has become 

established on the remedy acreage (EG&G, 199Oc, EG&G, 1991~) The US Fsh and Wildltfe 

SeMce has indicated that there are two endangered speaes ofanterest in the RFP-the bald eagle 

and the black-footed ferret (Rockwell International, 1988c) F%ane dog towns provide the food 
source and habm for ferrets Bald eagles are common wnter wsitofs in the areas near the 
reservoir 

$, I 

>a. ,3 

' y  "k, 'La: 
2.1 4 Nature of Contaminatton 

Numerous studies have attempted to define dprese&and extent of contaminatm at IHSS 199 

as a result of RFP rdeases, and prospdye RFP source(s) of the Contaminans As men- 

wmd in Subsemon 21 1, &&me focused almost exduslvely on arbome 

plutonium releases from the RFYRl mll invmgate contaminants other than 

plutonium, as reflected 

?-\ --" 
A *  

Plan presented in Secton 6 0 of ths document 

2 1 4 1  RFPC 

Krey and Hardy (1970) 

in soils These investigators focused on four sources whlch might conceivably have resulted 

in OffSRe contaminabon (1) a September 1 1, 1957 fire in Bulding 771 @ow, 1973), (2) a May 1 1 , 
1969 fire in Building 776 (USAEC 1969, CCEI, 1970), (3) leaking drums of p l u t O n l U ~ ~  

lathe codant at the 903 Pad a drum storage area in the southeastern part of the RFP man 
produchon area, and, (4) chronic Iow-level stack effluent. Based on the w c k  size of the 

contaminated soli fraction, meteorological data, and RFP monnonng records, the Krey and Hardy 

Investigatnn concluded that the great ma~ollty of the plutomum at IHSS 199 onginated as windborne 

other goals, to ldentny onme sources ofthe plutonium found 
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2 1 4 2 IHSS 199 Contamination e 
In an attempt to delineate offste plutonium contamination around the RFP Krey and Hardy (1970) 

establshed contours, in millicuries per square hlometer (mCl/km2) for plutonium in soil around the 

RFP, based upon analytical results from 33 so11 samples collected from locations up to 40 miles 

(64 km) from the plant (Figure 24) Dow (1971) based similar contours (Figure 2-5) on resub from 

135 soil samples Dow's 1972 Rocky Flats Annual Environmental Monitonng Report @ow et al , 
1971 to date) included sori plutonium contours, in microcunes per square meter (uCi/m2), based on 

over 300 soil samples (Figure 2-6) The dfierences in the results of these studies help to illustrate 

the inherent drfficulty in d m n g  conclusions about IHSS 199 contamination based upon exstmg 

data Results, and hence conclusions, vary vvldely depending upon sampling methods, analytd 

methods and uncertainty definRlon of 'backgrounfl concentratrons, and unlts of measurement. 

Most of the data collected snce 1972 have focused spe&dly on charactemng the JawsuR 

acreage rather than defining IHSS 199 as a whole (RockwetX979gt Rockwell, 1979b Rockwell, 

1- Rockwell 1985b Rockwell, 1987a, Rockwell, 19&) becamexthe mnvestgat10ns preceded 
the deslgnahon of the &Re solls as IHSS 199 Yew fw%m exst for contam~nants other than 

n 

'i 

*% I' 2 

plutonium which could affect offsite soils 

In short, the extent of offsne so11 contami RFP releases, which wll delineate the 
e 

0 areas downwind of the RFP, namely to the north- 

the plant 

0 

0 

R acreage targeted for remediation were shown to have the 
of plutonium in sol1 of all lawsul acreage, whch adjoined 

m and southern boundaries of the RFP (Rockwell 1979b) 'Hot 

spots' may occur which were not detected through IawsuR acreage Sampling 

however, because other IHSS 199 lands downwind of the RFP are further from the 

plant than the remedy acreage, R IS reasonable to expect that these lands cOntizln 

lower concentrmons of plutonium than the remedy acreage 

The most likely pathways of plutonium migration from IHSS 199 are wnd and water 

erosion of surface soil (SCS, 1985) 
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&sting IHSS 199 soil plutonium data are summanzed in Table 2-2 

Very limned data exlst for contaminants other than plutonium which could affect offsite sods as a 

result of RFP releases In 1976 and 1977, the RFP tested lawsud acreage soils for sotopes of 

amencium, cesium, thonum, neptunium, cenum, radium and potassium in addnion to plutonium 

The sampling program also included five snes remote from the RFP in order to determine 

representatwe background concentrations (Rockwell, 1979a Rockwell, 1979b) The Rockwell 

International Disclosure to the Clty of Broomfield following the lawsun (Rockwell, 1985a) based the 

fdlowIng condusion on the results of the 1976-1977 sampling 

'Analyss of25 sol1 samplesfrom phmffs lands and samplesfrom each ofthe five 

background locatms used in the testing program show that Hnth respect to 

radlonuclides other than plutonium and amencium,'th&wek 9f these radionucltdes 

on phnMfs lands are conslscent vmh background levels 

7 

%> 

w x 

-% 

of plutonium-241 decay, was 
s recorded at the five remote 

I (1979b), m also refer to 

e the analybd resultsfor ametlc~um 

centmom in sol1 samples 

* *  
3 

As indicated in ths 

detected in lHSS199 solls above the 

sampling locations 
amenclum dada from the 1976 

Poet and Martell (1972) 

collected in 1969 from several 

contributed 3-15 percent as as dd plutonium in the areas sampled, and 

estimated that the to alpha actMty would eventually approach that of 

plutonium as amencium-241 progressed The RFP sol1 samplrng 

program=- on 1 3 7 3) has penoddly included analyses for -um- 

137 and uranium nt the only known c h a r a c t e m  of radlonuclides 

other than plutonium at IH Possible contaminants other than radionuclides present in 

lHSS 199 Scnls as a result of RFP releases have not been charactenzed, Hnth the axceptWJ Of 

beryllium measurements in 1971 under the CDH soil monnonng program (CDH, 199Oa) 

Ongang studies of RFP OU 2 wdl prmde more detaled charactemons of sol1 contamination 

between the 903 Pad and the RFP eastern boundary Studies are also underway to define 

background concermatms in so11 of potential RFP contaminants including background' plutonium 

and amenctum resuhng from atmospheric testing of nudear weapons The relevance of these 
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TABLE 2-2 h 

SUMMARY OF lHSS 199 HISTORICAL PLUTONIUM IN SOIL DATA 
(Concluded) 

1975 001430 1 1  10 1 2  

1976 002450 0 4  13 1 2  

03 12 1 2  
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222 1 Geology and Groundwater Hydrology 

The U S  Army Corps of Engineers utilized data from two existlng boreholes near Great Western 

Reservoir as part of a 1989 evaluation for a surface water interceptor system for the reservoir In 

these boreholes allmum sumaal deposns are underlain by Arapahoe Formation bedrock at depths 

of 5 and 16 ft (1 5 and 4 9 m) Bedrock consists of claystone Hnth minor interbedded sandstone 
and siltstone lenses, and dips sllgMfy to the east (corps of Engineers 1989) m e  precise locabons 

of these boreholes are not gken in thls dowment The Ampahoe Formatton averages 250 ft (7s m) 

in thickness in the RFP area, and IS underlan by several hundred feet (appmmatdy 100 m) of 

shale comprmng the upper portm of the Laramie FormatKin (US-, 1976) It IS expected that a 

similar stratrgraphic sequence underlies Great Western Reservoir 

% 

A general descnption of groundwater hydrogeology in the wan@ of the RFP IS gmn in S u b -  

t10n 1 3 4 2  Specific groundwater hydrogedogic infomxmmfo6Great Western Reservoir IS lunged 

to dnlling records from pnvatelyowned water wells in the'wcinlty d the reservoir (DWR 1990) The 

descnmon of these  record^ glven in Sutsectmn 2.~ 33 ford).~ss 199 a l s ~  applies to  rea at western 

*, 

*'Q4B-.. 
% P 

Great Western Reservar IS fed C& Creek vm Lower Church Drtch (figure 2-1) Untd 

recently, the reservar atso m& north and south branches of Walnut Creek, 

both of whlch flow from th es merge into a angle dmnage within the RFP 

boundary (Figure 2-1) at the RFP in 1989 prompted consbvctnxl Os a 

Walnut Creek dike Resetvolr, known as the Broomfield D~ers~w,  Dltch 

(Figure 13) Su by the chromic acid was dwerted around Great Western 

Resewar and did not wow @ow et al , 1971 to date) Walnut Creek flow from the 

RFP IS now treated and dnr h around Great Western Reservoir into the dmnage below the 

reservoir outlet, where rt combines with outflow from the reservoir The Broomfield D ~ e r s m  Dgch 

prevents surface water from the RFP from reaching Great Western Reservoir Walnut Creek 

cOntinues below Great Western Resewoir and eventually discharges to Big Dry Creek several miles 

downstream from the resemir (USGS, 1980) 

Within the RFP boundary the North and South Walnut Creek dramages contam the A and B-sen= 

holding ponds, respectnrely In Nonh Walnut Creek, there are four ponds destgnated A 1 ,  A-2, A 3  0 
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A 1973 tntium release from the RFP (Subsection 22 3 2) 

Airborne transfer of radionuclides (pnmanly plutonium) 

Awlable data from on-srte RFP OUs, pamcularly OU 6 (Walnut Creek Dramage), suggests that 

contaminants other than plutonium could conceivably have impacted Great Western Reservoir 

through surface water transport from the RFP Leakage from the solar evaporation ponds (IHSS 

101, see Figure 2 1) IS known to have contaminated groundwater and surface water in the Walnut 

Creek dmnage, pnmanly wrth nitrate and other inorganic mns Inorganic ions, n0n-e 

metals VOCs, and uranium have been detected in the Walnut Creek holding ponds Herbtcldes 

which have been applied in the past at vanous locatmrts on the RFP have also been detected in 

RFP surface water Knowledge of the fate and mobillty of these potenbal contaminants m surface 

water and sediments IS cnhcal in determining whether they &uld reasonably have impacted Great 

Western Reservoir and B so, whether they still exst at theate kklgty Contaminant fate and mobilfty 

* f r o m  

On-slte and off-srte RFP envtmmental monnonng (Subsec$&Jd 3 8) and RFP OU I- can 

L" 

b 

are addressed in the conceptual model for reservoirs (SubseCtKK12sai) Avalable 
i 

., A*%.+ "-42 

the follmng seetons present ~hronol~gi~al  suimanes%enwonmental studies conducted to date 

oflHSS200 Analybcalresub @e summamed in Table 2-3 The stud- are 
incorporated by reference to 

c 

223 1 

The EPA conduct sampling of bottom sediments in Great Western Resenrolr in 

February and Septem results indicated that a layer of sediment comning plutonium 

above the EPA estimated atmosphenc fallout) level of - e0 1 plcocune per gram 

@Cdg), or 0 0037 becquerel per gram @q/g) was present in the bottom of the resenmr The thck 
ness of the plutonium-beanng sediments was 2 in (5 cm) or more at all sampling locations. The 

hfghest concentratons of plutonium were detected in sediments in the Walnut Creek inlet area and 

the central -on of the resenrolr (leading to the dam inlet) The lowest concentrations were found 

in the south arm, the shoreline area between the south ann and the dam, and the western paWn 
of the north arm (EPA, 1971, EPA, 1973) 
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EPA resumed their investgat~on of plutonium in surface water sediments east of the RFP 111 

September 1973 Ths phase of the study further documented plutonium concentrations in Great 

Western Reservoir Sediment samples collected both by dredging and conng indicated that pluton- 

ium above expected baseline concentrations was present over almost the emre bottom of Great 

Western Reservoir as a resutt of releases from the RFP The mamum plutonium concentrat~m 

detected was 4 5 pCVg (Table 23) The results confirmed the areal dmbubon of plutonium deli- 

Bated by the 1970 study, except that the hlghest comentratm were found in the deepest amas of 
the resenrolr rather than m the Walnut Creek inlet area it was also observed that pIutomum-239 

concentrat~~ns in the uppermost sediment layer increased substantially in the three years between 

the studies. Thls increase was traced to an influ of sediment resuspended from the RFP holding 

poDlds durmg pond reconsmcbon actmies. This study also measured -oris rn Great 
Western Reservoir sediments of selected radmuclides other tha&plutonium and of beryllium No 

slgnmcant MnatKHIs in the mmmtmom of these poten&*wP contaminants were w e d  

throughan the resenmr OT between  rea at westem R-*- standm m e  (IHSS 201) (EPA, 

1 975) 

 he 1970 and 1973 EPA stud= also sought to *irti:h estrmated gutonurn 

bekeved to be unaffected by the 
FFP Dunngthe1970 Calkns Lake and Reser- 
voll @PA, 1971, EPA, 1 were collected from Cherry Creek 

Resenrolr, Marston Lake, and one exceptm, analyss of 
samplesfromthesereserv e0 1 pCVg (0 0037 Bug), sub- 

stanbabng EPA s eshmated 

8 

gmnd) level by sampllng sedlmetlts from 

An acadental re1 RFP into Walnut Creek and Great Western Reservoir 

occurred in 197'3 

water as a mutt the 

however, m u m  would not 
the em- (Rockwel~, I-) 

uent studies measured tritwm conce- m resenrolr 

m contamination in resewor sediments has not been studled, 

to concentrate in sedunents because of Its hlgh mob11Q in 

In 1974, Battelle PacmC Northwest Laboratones conducted an immbgatm d radmucllde c0ncen- 

ttabons in reservoir and stream sediments near the RFP Concentratm of plutonium-239, plm- 

ium-240 and amenaum-241 in the sediments of Great Western Reservoir and Walnut Creek were 

found to exceed 'baseline levels' @resumably the EPA baseline of - c0 1 pCVg [O 0037 Bwg]) The 

estimated the total inventones of plutonium and amemum in Great Western Reservoir sedl- 
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collected at three kxahons for pint anaiyss by the Crty of Broomfield The resutts of thls Study were 

not published in report form, but were summarized in public meetings Maxlmum recorded pluton- 

ium concentrations in these cores were 5 4 pC4g (Rockwell) and 4 9 pC4g (Broomfield), m m n g  at 

depths of 17 in (43 cm) and 7 5 in (1 9 cm), respectively m e  study indicated that plutonium exsted 

in a dlscrete sediment honzon corresponding wrth hlstoncal releases from the RFP and that thls 

honzon had been buned to varying depths by subsequent sedimentatm Sedimentation rates 

based on core samples were determined to vary from >I 4 in/yr (>3 5 cm/yr) in the eastem, deeper 
areas of the reservoir to e 0  1 in/yr (e025 cm/yr) m the shallower areas (Rockwell, 1-1 was 

also concluded that no evidence of plutonium mig- through the sediment column exsted 
(Rockwell, 1988c) 

Numerous stud= have focused on surface sod plutonium contammatron east of the RFP (DOE, 

1991a) Elevated plutonium concentmom have been measiirad in surface sods Ilolth, west, and 

south of Great Western Reservoir as a resutt of windbome &le@& from the 903 Pad, a fonner 

drum slorage area wnhin the RFP (Figure 2-1) The dtstnbutmnzof surface soil pkdonium 

COntamlnatKKl around the 
plutonium in Great Western Reservcnr sediments \"-, * 

223.2 Resewoir and Drainage Water QhlRy. \% 

Surface water qual* in North ks and in Great Western Reservoir has been 

monrtored since shortly after 1 Tapwatersalsomitoredfor- 
RFPdenved contaminants in cipalrtles around the RFP, including the CQ of 

9 

% 

ndbom"qi,~lateshavecontnbutedt0the -r-y 
B 

\ %  * 

Broomfield, which IS s 

number of histo 

of RFP releases 

rn Reservoir (see Subsemon 137) In add&on, a 

potemal impacts to IHSS 200 water quality as a resutt 

A 1973 EPA study concl dssolved plutonium concentratm in water samples from Great 
Western Reservoir and Walnut Creek were less than atmosphencfalloutdenved basehne CoCIcBntTa- 

tmns of e0 03 picocunes per liter (e0 001 Bcm) Dissolved uranium concentrations were less 
than the expected natural background of 25 micrograms per lrter (EPA, 1975) 

An acadental release of tntium in 1973 from the RFP into Walnut Creek and Great Western 

Reservoir was the focus of another EPA study EPA estimated that the release resulted in a total 

committed dose of 4 millirem (0 04 milllslevert) to the average mdlvldual uslng the reservoir as a 
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reservoir (Figure 2-1) Portions of Woman Creek wlthrn the boundanes of the RFP wll be InVeStt- 

gated as RFP OU 5 and are not included in IHSS 201 0 
2 3 1 L-on and Description 

Standley Lake IS a large resetvoir located approximately 2 mi (3 2 km) southeast of the RFP s east- 

ern boundary (Figure 2-1) in Sect~ons 16, 17,20,21,22 and 28, T2S R69W Uses of the reservoir 

include munlclpal water supply and recreabon The resetvar has been owned by The Farmers 

Reservoir and lrngatton Company of Bnghton, Colorado, since nS construcbon benNeen 1909 to 

191 9 Atthough the dam has undergone penodfc matntenance and reconstructon, most recently in 

1978, Standley Lake s present volume of 43,OOO acre-feet (5,300 hectaremeters) has remafned rela- 

trvely unchanged since nS constwon Approxlmately 67 percmtaf the reservoir water IS used as 
muniapat water sum for the cltres of westminster, N O I ~ ~ ~ ~ ~ C Y W I  and Thornton t he remaning 

33 percent IS transported through imgation drtches to agn& areas northeast of the lake, pn- 
maniy between Broomfield and ~ o r t  ~ ~ p t m  Standley A rece~~es appmmateb 96 percent of 
water from Clear Creek wa an irngatton drtch, but lsAZils0 f&6y Woman Creek (Figures 1-3 and 2 l), 

*-%? ’,, 
- P  

nceming the geology and groundwater hydrd- 
we an md-n of condltrons in the vlclnity of 

resutts of these studies and prowde srte-spect- 

ogyoflHSS201 plantwide 

the RFP The followtng sect 

fic informami where 

A geologic charactenzabon dley Lake was performed by Mineral Systems, Inc 111 1982 to 

provide data for the enlargement of the dam and reservar Bedrock outcrops at vamus locat~ons 
around the lake comet of claystone wnh interbedded sandstone lenses, probably of the Arapahoe 

Formabon These unrts dip gently to the northeast Overlying the bedrock are surficlal deposns 
averaging 15 to 20 ft (5 to 7 m) thlck consmng of a senes of alluvial terraces, colluvium, and minor 

other de- No faults have been identmed in the area (Hydro-Tnad, 1982) Although other Me- 

spec& i n f o m n  concerning Standley Lake geology and groundwater hydrology are lacking d IS a 
ffVn Work Plan for OU3 
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2 3 3 Nature of Contamination 

Radioactwe matenals released from the RFP may have been transported to Standley Lake through 

surface water (pnmanly in suspended sediments) and/or atrbome particulates (fugfiwe dust) 

Between 1952 and 1973 the RFP discharged water treatment faalrly fitter backwslsh into Pond C-1, 

which discharges into Woman Creek (Rockwell, 1988c) At present, only buffer zone surface runoff 
and natural groundwater seepage flow into the Woman Creek dmnage Whin the RFP boundary 

(Dow et al , 1971 to date) 

Prospectwe RFP sources of contaminants other than plutonm to Standley Lake, partmlarly VOCS 

and uranium, exist in OU 1 (881 Hillside) and OU 2 (903 Pad, Mound, and East Trenches) 

Hehcides whch have been applled in the past at vanous locahns on the RFP have also been 

detected in RFP s u m  m e r  The fate and moixlny of t h e s e . d  c o n t a m t m  are 
in the conceptual model for resefyo1rs (Subsectron 2 5 2) ~ d ~ ~ o n  from mste and off- 
site RFP environmental monmnng (Subsemon 1 3 8)& RFP Ohh&kbgahons can be used to 

venfy the predictions of the conceptual mod4 an~ocus  &se~ecbon of contaminants of concern 
(Subsectron 6 2) *.. 4 p 

6 % 

?+ 

4 

a% 2 # 

.. 

The follmng semons present chronolog mental studies conducted to date 
* \  of IHSS 201 ~ n -  results from t h e s e - d & ~ L m m e d  in ~ a ~ e  24  any of the 

studies conducted at Great ubsecbon2.23) also included Standky Lake 

Reports associated vrnth these ed by reference tothe kt af refereslces mSec- 

bon 120 in thts document 

n e  

2331 

The EPA collected four samples and two cores of bottom secbments from standley 

Lake in 1970 The resu possible plutonium commumon above the est#nated 

- ( 0  1 pWg (0 0037 Bq/g) baseline concentrabm (worldwide atmosphere fallout) in the deeperareas 

of the resenrolr EPA concluded that elevated plutonium in Standley Lake resulted from unspeafied 

releases from the RFP, and speculated that these releases acwrred from surface water erosKln and 

transpoR of plutonun-commmed soil (EPA, 1971 EPA, 1973) 

EPA resumed ther investigabon of plutonium in sutface water sediments east of the RFP in 1973 

Anatysrs of 17 surface grab samples and 8 cores of Standley Lake sediments yielded plutonium 
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concentrattons above emmated baseline concentrations in only two of the surface grab samples 

Plutonium concentrations in the cores taken at the locabons of these grab samples were Similar to 

baseline concentrattons (c 0 1 pC~/g) EPA believed the cores to be more representatwe of actual 

condihons at the two locations and concluded that the collective sampling effort did not indicate 

any dmxrnable plutonium contammaon in Standley lake sediments attnbutable to RFP releases 

@PA, 1975) 

- 

Dunng a 1974 invemgatm of radlonuclides in the sediments of reservoirs and streams near the 
RFP, Battelle Paafic Northwest Laboratones collected elght surface sediment grab samples and a 

single sediment core from Standley Lake Several samples conmned plutonium above EPA esti- 

mated baseline levels of - e0 1 pCdg (0 0037 Bug) Based upon the single core sample, Battelle 

extmpolated total plutonium and amenc~um inventones for Stahdley Lake sediments at 60 and 

18 mCi (22 and 07 GBqlg), respectwely The core also.&@psted that cesium-137 levels in 

Standley Lake sediments were typ~cal of atmosphenc fal lc&t~~i&kvels. The Battelle study did 

not attempt to define the hlstoncal source of Standley Lak&~utoniurn~~mabon (Battelie, 1981) 

B 

x,, 
9%. / f 4 #.? 

Separate stud= of plutonium in the surface water &&@I the vlcindy of the RFP concluded that. 
*. * 

(1) plutonium rapidly and almost irrevem 

(2) plutonium in surface water impound 

surfacewatetq 

contarned in the onsrte 

l F ' 3~  clay sed~ments (CSU, 1974), and, 

very far or very rapidly through sub- 
through RF P surface waters was 

The DOE collected two sed dley lake in August 1976, and determined through 

COneladKxlofpeakrad in the longer core that R represented approximately 
14 years of Sedim dang enabled WE to calculate an average sedi- 

mentation rate for 1 3 in/yr (3 4 cm/yr), and to conclude that plutonium concen- 
trationsinthecorel baseline levels since 1966, peaked in 1969, and declined after 
1969 Thereportambut rcent of the plutonium in Standley Lake to releases from the RFP 

and speculated that thls plutonium was transported both by a~rbome patt~culates and by soll em- 

ston vvlthin the lake dmnage basin (such as surface water) The time correlation of pknonium depo- 
srtron in the core corresponded wnh the known p o d  of wndbome plutonium release from the 

903 Pad at the RFP (FIgUE 2-1) (DOE, 1978) 

Rockwelt fntemattonal conducted an extenswe sediment sampling program at Standley Lake in 1984 

to evaluate sediment plutonium concentrat~ons and to compare the resuits wnh ptevlous work A 

I 





expected atmospheric fallout background, which was not specmcally quammed m this Sfudy, but 

were orders of magnrtude lower than the EPA Nat~onal Pnmary Dnnking Water Regulation of 15 pcln 

(0 55 Bsn> for total long-Inred alpha acmnty (exclusnre of radon and uranium) Concentratom of 

these three radionuclides were below detecaon limrts of 4 5 ~ 1 0 ~  pCl/i (1 7x1U5 B@I) m Westminster 

tap water (Battelle, 1981) 

filtrabon of Standley Lake influent occurs at the Northglenn, Thqmton and Westminster water 

treatment plants Dlscusslons vvlth personnel at each of these faalnies indlcate that filter backwash 
sludge IS not and has not PrevKXrsly been analyzed for plutonium or gloss alpha actnmy 

2 4  IHSS 202 (MOWER RESERVOIR) 

IHSS 202 encompasses Mower ReseMHr, offsite reaches d th& imgabon ditch which feeds the 
reservoir fr~m woman creek, and dawnstream surfa~e waterfhqrea posslbf~ impacted by outflaw 

from the resemoir (Flgure 2-1) Pomns of ths imgabm*a&h vathin3he poUndanes of the RFP are 

-x 

*” 

3 

Just ofthe RFP m The reservoir IS fed by Woman Creek wa 

Mower Dnch an imgabon in the RFP boundary (Frgure1-3) Mower 
Reservoir IS used foragncu ly cattle watenng and irngahon, and fluctuates in 

tt covers an area of appraxwnately 9 ac 

at AS deepest pcnnt (Personal cornmumcabon, 1990) 

from the resetvoir, eventualty discharging to Standley 

IS located on land which was the subject ofa lawsuit agarnst 

leging contaminabon of the land surface by relea%es from the the FtFP by several 

plant (DOE, 1991 a) 

24.2 IHSS Conditions 

No srte-speclfic informaban ts amiable for geobgic and groundwater conditions at Mower Reservoir 
The geokqy and groundwater hydrology of Mower Reservoir are expected to be similar to those 

described for Great Western Resemr (Subseaon 222 1) Because Mower Reservoir IS fed by a 0 
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EPA, 1973) No further charactemion of Mower Reservoir contamination has been conducted 0 since this 1970 sampling effort 

Numerous investigations have focused on elevated plutonium concentrations in surface soils around 

Mower Reservoir (DOE, 1991 a) These studies have concluded that the pnmary source of the Pluto- 

nium was wndbome particulates from the 903 Pad (Figure 2-1) R IS expected that Mower Reservoir 

received stmilat amounts of plutonium through arbome transport as the nearby land surface 

2.5 CONCEPTUAL MODELS 

Ubllung the information obtaned in past studies of OU 3, conceptmi models of contaminant 

exposure pathways for of-site soils (IHSS 199) and resew& (IHSS 200, 201 and ~02) are 

presented here for use in the evaluation of the potential &,.of OU 3 contamination to human 

health and the emronment *..% 5 

The pnmary purpose of the conceptual models IS to ad mdenbfying &powre pathways by which 

populations may be exposed to contaminants fro~tfib@lSSs. The EPA defines an exposure 

pathwayas' a u n q u e m e c i m m h w h  be exposed to the chemicals at or 
onginatmg from the slte lgure 2-7, an expowre pathway must 

include a contaminant source, a release mec rt d u m ,  an exposure route and a 

receptor An exposure pat %omplete,wRhout each of these five components. The 

9 

?,b b-.. 

b ,.. +' .& 

2 'z 

b> s' p 
7 . .  

&PA, 1989c) 

F 

lndnndual components of the defined as follows 

0 r purposes of the OU 3 conceptual models the 

medm in each IHSSwhfch are known to have been or 

been directly affected by releases from the RFP These 

rfacesoflsatlHSS199andthesedimentandsurfacewater 

, and 202 Because known contammants at OU 3 have been 

traced to past releases from the RFP the plant IS shown 111 the models as a 
hlstoncal contaminant source to the IHSSs 

0 Release Mechanism Release mechanisms are p h y s d  and/or chemlcal processes 

by which contmnants are released from the source The conceptual models 
identrfy mechanisms which release contaminants directly from the source and those 

which release contaminants from transport media (ie, secondilly release 
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mechanisms) 

mechanisms for OU 3 are discussed in the conceptual models 

Numerous potentel release mechanisms and secondary release 

0 Transport Medium Transport media are the enwronmental media into whlch 

contaminants are released from me swrce and from whfch the contaminants are in 

turn released to a receptor (or to anather transport medium by a secondacy release 
mechansm) Potentmi transpoR medlil for OU 3 include ar, surface water, 

groundwater, and biota (both flora and fauna) 

0 Exposure Route Exposure routes are avenues through which COntarmnantS are 
physldogically incorporated by a receptor Exposure routes for receptors at OU 3 

are mhaiahon, ingestion and dermal contact 
8, 

x x 

p o t e m  exposure pathwa/s that may resuit h 
Some of these have a occurrence than others Signficant 

pathwaysareldentrfiedby 

source and transport medium 

f ~ w n  andJoT Into each trans~ort m e d m  

mobillty of the contaminant in each pOtentd 

Conceptual models. 

2 5 1  Conceptual ce Soils (IHSS 199) 

The general conce 

of the conceptual model 

e surface soils IS shown in Figure 28 The Mlxlus elements 

ned in the f d h n g  subsecbons 

25 1 1 Historical Contarnmation Source 

As shown in Figure 2-8, the RFP IS considered the hstoncal contamination source to the M - S m  

Surface soils Based on iforrnat~on presented in Secbons 1 0 and 2 0  on RFP geographical setbng 

and environmental monrtonng, the arrbome pathway is consldered the only reasonable migmon 
pathway that could transport contamination from the RFP to offate surface soils Known and 
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potential RFP impacts on IHSS 199  are discussed in Subsectton 2 1  4 1 An understanding of the 

fate and mobillty of the potential contaminants invdved IS mcal HI determining whether they could 

reasonably have impacted M-srte surface soils and, If so, whether they still exst in the soils today 

Radionuclides 

Most of the studies performed to date at IHSS 1 9 9  have focused on plutonium contaminahon It has 

been conclwely demonstrated that plutoruum has been tranqmted from the RFP wa the m e  

pathway and affected off-sne surface solis immediately east of the RFP Amerrclum has also been 

detected in these sods, indicating ewer direct abme transport from the RFP or in srtu ingrowth 

wrth the plutonium in the soils It IS Ilk- concenraMe that arbome tfansport af uranium to off-site 
$* 1 soii could occur 

710. 

s 
J -  

Nonradloactnre Contaminants 3 X I  \%".e 

P F -2 % 

VOCs, semwolable 

beryllium, COUM feas~bly have been 
transported by ar to d e t e  s u m  sotls. pathwaysourcesappeartoexlst 

on the RFP for metals otherthan berylli vocs or seml-volatde otgar#cs have 

nd to volmlue m i r  rather than settle 
out m a discrete surface ble that fugltrve dust from the RFP could 

contsun organic compounds through iurbometransport 

andsettlewtonsu nlikely that in organ^: ions could be vlsl 

cy to qulcwy leacn into 

Contaminated off-ste surface soii are considered the current corttaminant source at IHSS 199 

(Flgure 28) The follow~ng sutsectms focus on contaminant and soil charactensQcs which may 
affed contaminant bmsportfrom the surface soils. 

25 1.2.1 Contaminant Characteristics Surface sals immediately east of the RFP have been 

shown to contam plutonium and ~ts decay product amemurn, in excess of expected background 
concentrations (as measured at Colorado Front Range srtes remote from the RFP) Bg(lliWn and 





TABLE 2-5 

GENERAL CONCEPTUAL MODEL FOR IHSS 1 SS 

OffslteSuIfact None 
Soits 

None Ingestmn None 
Dermal 
contact 

lnhelahon F W  Dust Air None 
(wlnd erosion) 

SUrfaaRundf 
(sedlmerrt load) 

ltlfiltrebonl 
Leeching 

&o&ccumulabon 

None 

HLmWlS 
Bwta 

Humans 
Biota 

HlUlWflS 
&ab 

Humans 
mota 

Humans 
bot. 

Humans 
Blob 

Humam 
Blob 

Humans 
&ob 
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I 
information on the environmental fate and transport of m u m  are all but unavalabk As 

mentioned in Subsection 25 1 2 1 amencium is known to be slightly more mobile than plutonium 
however for practical purposes the two radionuclides behave similarly in the emfimnment. For 

these reasons the following subsections focus on plutonium 

25 1 3 1 Climatological Characteristics Of particular importance to the fate and mobrllty of 

contaminants in off-ste surface soils are mnd and preapttation The climate in the RFP area IS 

wed by strong, often gusty wnds The stronger winds blow from the west and northwest, and 
occur more often dunng the wnter months The average annual precipitahon (total mosture) for the 

area IS 15 in (38 cm), of which 40 percent falls during the spnng Ranfall intensity vanes from bW, 
low-intensrty frontal storms in the fall and early spnng to short, intense cloudbursts in the late SPnng 

and summer months Snowmelt can also generate high runoff m the area. Snowfall at the RFP 

averages 85 d y r  (216 cm/yr) (DOE, 1980) Climatology m&e RFP vicinUy IS discussed m more 
d e l  in Subsection 21 4 4 

d 

25 1 3.2 Contaminant Fate and MoMllty in Air #iQnoq?&c resuspenslon of contarmnated sol1 

partides IS the pnnclpal release mechanism affectik&.&&p@tonium and amenaum contarmnatKwl in 
ofkite surface solls The same mechan n r a d i i e  metals present in the 
sods. Resuspenslon occurs as a result often amplfied by sod droturbance 

ntramn to sol1 mmemaon and IS 

a( *>- 

3 %  

expressed as per meter (m ') 

Resuspension factors for 

Rockwell Internatonal 

comminated secbon of T2S, R69W are pnsented in 

Crty of Broomfield regarding the remedy w q  

e Section 18-1 8 x W  in' 

m e  methodology behind the development of these values IS gwen in SCS rem- 

recommendabons (SCS 1985) CDH developed similar values in the 1970s for quiescent, vegetated 

lands in the wcinrty of the RFP A further finding was that vehicular disturbance would change the 
average values to approximately 1 xl  O4 m ' (CDH 1976) 0 
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2 5 1 3 4 Contaminant Fate and Mobility in Surface Water Thafate and transport of plutonium in 

daMge and reservoir sediments in the wcinrty of the RFP have been evaluated and dlswssed 

(DOE 1990) This document pmdes an evaluation of the potential transport and =P=ure 

pathways associated wrth the potemal surface water runoff and soil erosion release mechanisms 

dscussed below 

Surface runoff may erode contaminated surface soil and transport them as sediment load to surface 

watem (e g , streams and reservoirs) In stagnant surface waters (e g reservats and hddmg 
ponds), the suspended sediments settle out as bottom sediments Plutonium transported in ths 

manner mli tend to r e m n  bound to the sediments dunng transport and after redeposltlon as 
bottom s e d m  as illustrated by the high K,, values assoclided wnh plutmum As a result, bottom 

hasbeendemonstrated sediments wll immobdae plutonium corwderably T ~ I S  strongakoqbon 
in laboratory stud- of plutonlum uptake by the cIay-r~&~~iments typical of surface water 

impoundments near the RFP (CSU, 1974) Hlgh d s 0 k L - i  carbon, txutmate 
-6hbnde, or nitrate concentrations along vvlth high peraktkm rates 6bukfkCWMXnmMy leach S O ~ T I ~ ~  

the plutoruum in bottom aments downwatd watertable ThereIsnoevldenoe, 

however, that such a process IS occumng near the RW Pbtonium 

ammtmWm in off-mte resewar sed mmd ienrels at a depth d 8 to 

12#Iches (20 to 3Ocm) inthe resenmr (RockweH, 1984, Rod<well, 1985a) 

Furthemom, of on-stte RFP holding ponds has not 

yelded a -le detecmn of pl 

It has been demonstrated t 

reducing m m m e n t  

IS threefold to t 

* 
9 

b %  

)i* 

n of lake waters in summer months resufts m a 
dlstnbution coefficient d plutonm in redmng waters 

that plutonium mobllty will 

values for these watm are sbH very hlgh (ANL, 1986) 

Resuspem of plutoniu battom sediments IS also possible by organtsms that disturb the 

sediments. The resuspended plutonium mll eventually settle and agam become part of the 

Sediment 

25  1 3 5 Contaminant Fate and Mobility in Biota. Contaminants can be rdeased from Surface 

sods by baa erther through mechanical spreading (tracking) or through physical mcorporabon of 
the contaminant into the k m a s s  (bmconcentrabon and boaccumulatlon) Tradclng IS considered 0 





prevent public access Emronmental receptors include biota (both flora and fauna) indigen- to 

the RFP environs as addressed in Subsection 1 3 5 

2 5 1 5 Soils Conceptual Model Summary 

Plutonium and amenaum are the only contaminants likely to exlst in off-slte Surface solk as a result 

of RFP rdeases Plutonium in off-srte surface solls most likely exists as the thermodynamically 

staMe solid PuO, Plutonium fate and mob~llty in the emronment are controlled by rts strong 

tendency to adsorb to clays, metal omdes and organic matter in soils Plutonium potentdly can be 

released from surface soils into the transport media of ar (by wnd erosion) and surface water (by 

water emon) Plutonium released into these media wll tend to r e m n  bound to the particles 

whtch transport it Plutonium can also be taken up in the food chain by ingestm of phnts Wh 

sumclal PuO, contamination, but mll not concentrate or accumufate in brats 

Groundwater does not appear to be a wabk transport h u m  forpIutonium from off-slte surface 

soils in the RFP area Research and inveagmons im pbthium mohllty at other locatKKls have 

demonstrated that l a ~ k  of plutonium transport thr&,7durated porous ~ l i l  IS the rule rather 

titam the excepbon (-man and ~oneli ,  70, B&>$wI, Kim et ai, 1984, shade et a~ , 
1984 Qhra et d., 1979, Staky et ai, 1979)’3Tfl- \& ”pear to be the inso~u~lty of plutonium 

and the strength vvlth which n IS adsorbed to S&r&&$armles in unsaturated porous media 

’> 

1 %  

The most plausible exposure di fugrtlve dust generated from surface soils and 

ingestron of plants onto led 

““4- 25.2 Conceptual 

The general conce 

vanous elements of the co 

Reservoirs and Drainages (IHSSs 200,201, and 202) 

-site reservoirs and dmnages IS shown m Figure 2-9 The 

model are explained in the follaHnng subsect~ons. 

2 5  2.1 Hstorlcal Contamination Source 

As shown in Flgure 2-9 the RFP IS considered the histoncal contaminat~on source to the off-Slte 

reservoirs in the reservoir conceptual model Based on information presented m Sections 1 0 and 

2 0  on RFP geographical setting and enwronmental monrtonng the arborne and sutface water e p;rthWays are considered the only reasonable mgratlon paUways that could transport 

I 



t 



contaminatton from the RFP to off-srte reservolrs and drainagest Known and ptenttal RFP sources 

of airborne and surface waterborne contamination to IHSSs 200,201, and 202 are discussed in 

SUbSeCUorls 223, 23  3 and 2 4  3, respectively An understanding of the fate and moklrty of the 

potential contaminants involved IS crihcal in determining whether they could reasonably have 

impacted off-site reservoirs and drainages and, d so whether they still exist in the resetvoirs and 

drainages today 

Radionuclides 

Most of the studies performed to date at IHSSs 200, 201, and 202 have focused on plutonium 

contamination of reservoir sediments. It has been conclusively demonstrated that plutotUUm has 

been transported from the RFP VI the surface water and air patbhys and affected off-ste TesBNoir 

and dmnage sediments. Amemum has also been detected 17- sediments, i n d w n g  erther 
f+ 

direct surface waterborne or airborne transport from the @FP &u~*bt.y ingrowth Wh the plutonium 

in the sediments Tntium IS known to have been r&hd to Greqt Western Reservoir through 

&port of uranium to M-sm 

,.J@ 

v 

dramages and reservoirs could occur 

Non-ive Contaminants 

Nonradioactnre contaminants d 

semi-volatile organics, inorg 

discussed in Subsection 25 

Nonradioactive metals, 

have beentranspo 

223,23 3 and 2 4  3 include fMtdSs VOcS, 

Potentral sources of airborne contaminants 

rface sorls also apply to the off-site resemirs 

hedmdes all could f-iW 

Contaminated off-site dmnage and resenmr water and sediments are considered the Current 

contaminant source in the conceptual model (Figure 2-9) The following subsections focus on 

COMaminant and source media characteristics which may affect contaminant transport from the 

source medla 

2.5 2.2.1 Contaminant Characteristics As discussed in Sections 21 3 222, and 232 resewar 

sedtments at IHSSs 200, 201, and 202 have been shown to contain plutonium and Its decay 0 





23 cm) of sediment overlying the plutonium-beanng layer The depth of b u d  in two cores collected 

in 1984 by Rockwell International from Standley Lake ranged from 63-87 in (16-22 cm) T h e  

cores were collected from deeper areas of the resewars, where greater seclimentatmn rates occur 

and the highest plutonium concentratlons have been found to exst Based on calculated 

secbmentation rates for the resetvoiw, which range from 0 1 iWyr (0 25 emlyr) in shallow, near-shore 

areas to 1 4 in/yr (3 6 cm/yr) in deeper areas, R can be inferred that the plutonium-beanng h0ntOnS 

m each reservar potentdly have been covered by an addWmal0 7 inches (1 8 cm) of sediment 111 

shallow areas and an addrttonal9 8 in (W cm) of sediment in deeper areas in the a p p ~ ~ ~ d y  

seven years smce the Rockwell ~nternatlona~ studies were conducted 

Nonradmctwe Contaminants 

As discussed in Subsechon25.21, nonradioacbve com'inants whtch could reasonably be 

expected to exst m the of-wte drainages and resetvcnrs ihqdk~VCXs, sem~-volatlleS, 

inorganic KKIS, and hettnades Rouhne monnollng of suhace water di.;lmages at the RFP boundary 

by v m w s  agencles anci munlclpalw has o c c a s ~ o _ n a l l y ~ e c i  &e concentratmns vocs 
metals, morganic ions, and herblcldes. ~ecause '~h$le"arosl~nd \.. nature of most dra#lages in the 

RFP area (Secbon 25.2.22), n IS msonabp~&'th@%ny contarmnants in the dratnages wll 

eventually reach the reservoirs, unless swfa&3vat.$%iion tmmports soluble contammants to 
groundwater 

s 
d 

i r w  

\ 

"p., ,., 

' B .$ 
. . a  

Due to the soluble nature of 

would remam d 

Standley Lake 

tend to adsorb to 
reservous in a manner SI 

to concentrate in bottom sediments, but rather 

Routine monnonng of Great Western Resenmr and 

inorganic ions and herblades have not measurably 

m the water and settle out m baetom sediments in the 
unpaaed resewoir reserv0lrs It Is probable that nonradloacbve metals would 

radioactwe metals plutonium and amenaum 

25.2.2.2 Sediment and Water Characteristics Dramages in me vlcrnrty of me RFP are expected 

to be erosional, meaning that they wdl tend over bme to transport their full sediment load 

downstream rather than permanently deposrhng It W i n  the dmnage If the sedmnt load 

eventually reaches a stagnant impoundment such as a holding pond or reservoir, the sediment wll 
gradually settle out to form bottom sediments Seaon 25 1 3 4 dsusses the fate and mOblllty of 0 plutonium in sediments and surface water 
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mobile than plutonium, however, for practical purposes the two radionuclKles behave similarly in the 

environment For these reasons, the following subsections focus on plutonium 

2 5.2 3 1 Contaminant Fate and Mobilrty In Surface Water Plutonium fate and mobllty in Surface 

water are addressed in Subseaion 2 5  1 3 4 This discussion wll also apply to the general fate and 

mobility of paternal nonradioactive metals in the off-site drainages and reservoirs 

As indicated previously, nonradioactive contaminants which have been detected in trace amounts in 

drainage water at the RFP boundary include VOCs, metals, inorganic ions and herbfcldes Because 

most of the ephemeral streams in the RFP area are losing streams (i e, streams which recharge 

groundwater) it IS conceivable that soluble contaminants in surface water coukl be ttansported to 

groundwater by infihhon of surface water into the drainage bed 

25 2 3  2 Contaminant Fate and Mobility in Air Plutonwrn fke and mobillty in air are addressed 

in SubseaKHl25132 Ths dlscusslon will also apply to-the generalfate and mobillty of potenbal 
nonradioacbve metals in the ofF-site drainages amheservo& 

25.2.3 3 Contaminant Fate and Mobili,&Ground&4e%No evldence has been obsenred in 
past studies of Great Western Reservoir or q&hd*&ubillzatron and leaching of plutonium 

downward m the sediment cdumn towards the bw&&ter table (subsecWn 2 5  1 3 4) T ~ I S  lack 

of mob~llty results pnmanly fro ncy of plutonium to adsorb to clay in the 
sedunents. Thedlscusslonin Gill also apply to the general fate and mohllty of 

potential nonradioacbve m es and resewoirs. 

f 2  

k. d 
+ r  

25.2.3 4 

addressed 

Plutonium fate and mobillty in brats are 

25 24 Exwmure Routes 

As illustrated in Figure 2-9, contaminants released from off-ste dramages and reservoirs can affect 

potenbal receptors through inhalation of airborne particles and through ingestion of or dermal 
contact vnth contaminated source or transport media The most plausible exposure routes appear 

to be inhalation of plutonium-contaminated particles eroded from exposed (dry) sediments by mnd 

and ingmn of plants with surficial contamination as a result of settled dust eroded from exposed 

sediments by wind 

I 
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3 0  

AFWRS 

This section p r d e s  a preliminary identificatton of potential chemical-specific appllcaMe or relevant 

and appropriate requirements ( A m )  for surface water and groundwater at OU3 Chemcal- 

SpeCfic ARARS do not currently exst for sals Under the terms of the 1985 settlement Agreement 

for IHSS 199, the remedy amon level was based upon the CDH special construmon requirements 

standard for plutonium in sol1 of 0 9 pCdg The court-ordered agreement in IHSS 199 -shed a 

remedmon goal of less than the CDH speual construction requirements standard of 09 

However, rt IS stated in the Settlement Agreement that adoption of the CDH standard IS not meant to 

imply concurrence between the IawsuR parties on the reasonableness, appropriateness, or 

applicabrl~ of the standard as an acbon level for the remedy As the remedial mesbgatlon 

proceeds, idormation WII become from the mb+ment, which wii a~tow a 

determination of acceptable contaminant concentram& in soils to-protect human health and the 

emronment. *" 9 2 %  

e.. L 

summary of posslm presentepqths L n - k  based on cunent and state 

health and emronmental statutes and r e ~ l ~ a n & e % h e m t c a l s  suspected to be plesent at 
*"-, 

oU3 The rahonale for the chemicals &pec&% be present at OU3 IS presented in 
Subsecbon6.2. Thepre&mi on kidpamination of potent~al AR4k pKnnde for the 
use ofappropnate anaiyhd RFI/RI As data become amlable during the 

RFl/Rl Specmc M s  wll U 3 If conducted the Correctwe Measures Study 

(CMS)/Feasihhty St r address chemrcal-specmc ARARS as well as action- 

and locabon-spec 

31 THEARARsB 

\ A  

ment and evaluamn of remedial altematlves 

The &IS for ARARs IS cned in Seaon 121 (d) for CERCLA, as amended by the Superfund Amend- 

ments and Reauthomabon Act of 1986 (SARA), which requlres that Fund-financed, enforcement, 

and federal fac~lny remedial a m s  comply wnh applicable or releMnt and appropriate federal laws 

or promulgated state laws whichever IS more stnngent For the purposes of idemmcation and 

natficaton of promulgated state standards, the term promulgated' means that the standards are of 

general applicabilrty and are legally enforceable (NCP 40 CFR 300 4OO[g][4]) Colorado * 
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3.2 THE ARAR PROCESS 

e 

e 



A summary of chemical specific standard or potential ARARs based on the above regulations and 

contaminants that may be found at OU 3 IS presented in Table 3-1 , Groundwater Quallty Standards 

Table 3-2, Federal Surface Water Qualtty Standards and Table 3-3 State Surface Water Q d t t y  

Standards These potential chemcal-specific AWRs and accompanying regulaons will be 

screened to determine their junsdictlonal requirements and applicablny to OU 3 If the requirements 

are not applicable they mll be further screened to determine whether they are relevant and 

appropnate to the particular srte-specific condrtions at OU3 Where ARARs do not exst for a 

pttcular chemical or where existing ARARS are not protectwe of human health or the emronment, 

TBC cntena, such as guidances proposed standards and advlsones will be evaluated for use 

Where ARARs and TBCs are not available or are less than laboratory practical quantIC&On limrts 

(PQLs) PQLs wll be utilrzed Standards identified as potentd ARARs as well as TBC cntena, wll 

be analyzed according to the procedures outlined in the NCP,"CERCtA CornplmCe wnh Other 

~ a w s  M ~ U A  (EPA i989b) o n  

Manual Volume 1 (EPA 1989~) and Guidance on Remedial A&ons for Contaminated Ground Water 

at Superfund Srtes (EPA 1988b) 
+ 

& *  r' 
321 ARARs P /* 

' A p p T i  requirements ' as defined in 4UQlTM@%*q %ose cleanup standards, standafds of 
Control, and other s 3 ~ i m o n s  promulgated under federal 

laws that specrfically address a hazardous 

substance, pollutant, contam A, locah~n, or other arcumstance found at a 

CERCLA slte Only those state a a e  ldenafied by a state in a timely manner and that 
are more stnngent th nts may be applicable' 'Relevant and appropriate 

e cleanup standards standards of control, 

andothersubstantk ntena, or limrtations promulgated under federal emmmental 

or state environment stnngent laws that, while not 'applicable' to a hazardous 

substance pollutant co remedial acbon, location, or other circumstance a CERCLA srte, 

address problems or s~uations sufficiently similar to those encountered at the CERCLA srte that their 

use is well surted to the particular site Only those state standards that are identmed in a timely 

manner and are more stnngent than federal requirements may be relevant and appropnate' The 

most stnngent promulgated standards are applied as ARAR (Preamble to NCP, 55 FR 8741) 

P 
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3.2.2 TBCI t 



merated by the vanous investigattons conducted at RFP mil follow the SOPs m e  SOPs saW 

the IAG requirement to comply wrth ARARs as they relate to iveestigatlon actnnties This approach 

Is COnStstent wrth EPA policy as provided in the 'Draft Guide to Managment of Investigation-De& 
Waste' (U S EPA 1991 b) 

0 

3 2 4  Remedial Adon 

CERCIA 9121 speafically reqlnres attainment of ARAB Moreover, as explaned in the preamble to 

the NCP (55FR8741), in order to attain ARARS, a remedlal actmn must comply wrth the most 
stringent requirement, which then ensures attainment of all other ARARs. Furthermore, CERCIA 

requires that the remedii selected attain ARARS and be pmectnre of human health and the em- 

ronment Consequently, remedial amon objectives based on kRAFls require rnoddicamn as new 
information and data are collected in the RFVRI, including&<Baseiine h- Rwk Assesment (to be 

Conducted), when ARARs are not available or are detmi& i~ inadequate for pfOteCtion of 
human health and the emronment. 

w z 
P 

x .., 
"h 

d 
a, L&* - 
y., t 3 2.5 Remedktron Goals 

Dev-M remMktmn goals is actuaik 
ob~ect~~es, which ultimately defi 

in the preamble to the N 

tion of what the remedial 

ObJecbvesandCOnSStof 

selededtemedlalactlm. Asstated 

arethemoregeneraldescnp 

n goals are a subset of remeclral actton 

unit-specffic chemlcal concentrations that are 

0 

protecbve of human mentandsenreasgoalsfortheremedlalacbon The 
r e m e d r a l m  (1) the contarmnants of concern, (2) exposure 

contaminant level or range of levels for each exposure 

R 300 430 (e)@)@ 'Remedla- 

e exposure levels that are protectnre of human heath and the tlon goak shall estaMlsh 

environment and shall be dembped by consdenng the folhng 

a 
ARARS (chemical-specrfic) including 

- Acceptable exposure levels for systemic tomcants 

Acceptable exposure levels for known or suspected carcinogens 

Technical limitabons (such as detection ltmns) 

- 
- 
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4 0  

RFI/RI TASKS 

Thls seaon desmbes the tasks to be implemented dunng the course of the RFIRI The speCmc 

tasks are deslgned to provide mformat~on to meet the data quality objectnres (DQOs) that are identi- 
fied in Sectton 5 0 of thfs document, Data Needs and Data Qual@ Ob~ectrves The fdknmg tasks 

are descnbed in ths section 

0 Task 14qect Planning/Management 

0 Task 2-Communlty Relations 

0 Task Held Investigation 

0 Task 4-Sample Analysis and Data Validaton %;, 

0 Task H a t a  Evaluatton % *  < 

Q 

., 
3 

v, 

0 Task 6-Basehne Rrsk Assessment and EzrwrronmentaLEvaluabon 
x +A, 

6 0 Task 7-Treatabdlty Studies / 

0 Task 8-Remedlal Inveagabon Re&qLT* %* 

0 Task 9-Remedlal 

0 Task 1O-Deta1led Analysrs 

ment Support, and Task l4-M 

The objective of prom planning/management dunng the perfonance of the OU 3 RFYRl IS to 

direct and document project acbmes so that data collected and evaluatms conducted meet the 

goals and objectnres of the Work Plan Specmc project management actnrrtres that wdl occur 

I throughout the RFI/RI include the following 

RFWl Work Plan for W 3 
Rocky Flab plans Golden, Colorado 
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4 1.2 Site Sunreys 0 t 

Slte surveys will be performed as pan of prqect pianning  he srte sutveys will including tounng 
OU 3 and taking derailed notes on and photographs of vegetation and bmta present and of areas 

where Contaminatm could accumulate Such areas include snow accumulabon areas and 

wetlands T ~ I S  informabon will ako be used to refine the fietd InvesttgatioCIs described in 
Subsection 4 3 and Section 6 0 of this document 

4 1 3 Access Agreements 

Access agreements will be obtsuned to perfom the RFI/Ftl Tax assessment records will be reviewed 

to determine the propew owners names and addresses. J’hs-informabon will be pKMded to 

EWG, who mll secure the access agreements, if needed 

4 2 TASK 240MMUNllY RELATIONS B -% 

‘ *i ~ 

~ 

+ %  ”, ,. 
% 

The dormation contzuned mthissectm In accordance v& the 
~~the~mmunicatKKIsDepartment a Plant-vde Community 
Relations Plan (CRP) to develop an lnte the public relat~ng to ER actw&es 

A Draft Communrty FMatm S u m  Plan k&:&2ied and forwarded to EPA, CDH, and the 

publ~~forrevrew Thsplan conductec~ to mpiete the ER ~mgram CRP, 
including plans for commun 

CRP in November 1990, in 
not required for OU 3 

representatives in I 

Counal, bnefings 

comment on various 

CRP was compieted m September and the final 

IAG schedules Accordingly, a Slte-speCmC CRP Is 

munlty relat~~ns acmhes indude partiapatm by Plant 

, meetings of the Rocky Flats Emronmental MonRoflr~g 

posed remedial action plans and meehngS to solat public 

The RFP Communications Depammt IS contmuing other pubk informahon efforts  to keep the pub- 

IIC informed of ER a m e s  and other issues related to Plant opemons. A Speakers Bureau pro- 

gram sends speakers to CMC groups and educational organ~at~~n~,  while a public tour program 

allows the public to vmt Rocky Flats An Outreach Program is also in place in which Plant osficlals 
vlsl elected officials, the news media, and business and CIVIC organnatmns to furtfier discuss issues 

related to Rocky Flats and ER actnmres me Communications Department receives n u m u s  

! 
i 
I 





4 4 TASK 4-SAMPLE ANALYSIS AND DATA VALIDATION 

A cnbcal task in the RFI/RI IS the sample analysls and data validation procedures Data uSeabilrty IS 

cntical in performing a quantrtatrve nsk assessment. The sample analysis and data valida'bon prOCe- 

dwes are essential elements of data useabiffy Actlvrttes included in this task are sample man- 

agement, analyses use of mobrle laboratones data validation, and testing of physCal parameters 

The W C a l  methods wlJ be completed in accordance Hnth the ER Program Qwllty Assurance 
Project Plan (QAPjP) Pqect-spedic QA requirements are included in the QAA, W o n  10 0 of ths 

work plan -on 6 0 of ths document specrfies the analytical requirements, and field QC 

requirements, as well as sample conta~ners, preservat~on and holding bmes The samples collected 

wll be analyzed by an RFP contract iaboratofy 

Data wll be revlewed and valrdated according to the d-b&h'guideJmes in the QAPP and the 
x -  - 

Date Valldabon Funct~od Gwddines (EG&Q, 199od) mese documents state how the results of 

once it has been venfied that the data are of 
accepwMe=racyand SubsectKN144ofthsdocument AdMtles 

assoc~ated with the data evaluation data reduction and tabulabon, 

stahstlcal analyses, and em sport evaluat~on The conceptual models wll be 

refined based on new 

Data collected dun 

Flats Emron 
contaminatron and to sup 

hlstoncal data, the hstoncal data wll also be used to support the Baseline Risk Assessment 

ation wil be incorporated into the exsting data base, R O W  
m (RFEDS), and used to better define the nature and extent of 

e Baseline Risk Assessment If the data collected Supports 

4 6 TASK &BASELINE RISK ASSESSMENT 

The purpose of thls task IS to conduct the Baseline Rtsk Assessment for OU 3 The purposes of the 

Baseline Rtsk Assessment IS to assess the potentlal human health and enwonmental nsks 

associated Wnh the ste and to provide a basis for determining whether remedlal acbons are 

RFvn work Plan for ou 3 
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If R IS determined that a treatabilrty study IS necessary, a treataMltty work plan mll also be prepared 

The plan will identtfy treatability tests that need to be conducted along wrth test matenas and equip 

ment needed 

The treatabtltty work plan will discuss the follmng 

0 The scale of the treatabilrty test J 

0 Key parametes to be vaned and evaluated and cntena to be used to evaluate the 

tests 

0 Specmcabons for test samples and the means doroWsuning these samples 
B 

F %  
7. 

The test equpment, matenals, and p r d u & h o .  kwed in the treatabIl~Q test 
5 "  

. " Y  *4 

)i dB 
,a * ., 

0 Identmcabmn of potenbal vendors Wa 
that WU be conducted, as well as 

transport samples and rest 

uct the tests and analytical se~lces 

procedures and permlts requlred to 

The methods requred for r&h&&aaxmnt - . s  and disposal 
3 :  

4 8  TASK8-EME REPORT 

T ~ I S  task includes 

tze efforts related 

Table 4-1 presents a typ 

raft and a final RFI/RI Report. The RFI/RI Report will summar- 

the data evaluat~on and the Baselme k k  Assessment 

for an RFI/RI Report. The RFI/RI Report wll 

Describe the field actMtres that sewe as the basts for the RFI/RI Report m deta~l 

T ~ I S  wll include any dmattons from the work plan that occurred dunng unplementa- 

hon of the field investigation 
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3. 
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5. 
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4 TABLE 4-1 

SUGGESTED RI REPORT FORMAT 
Contmued 

72 Conclusions 
721 
7 2 2  Recommended Remedial Acbon Objectnres 

Data Lmmns and Recommendattons for Future Work 

AppendlceS 
A. 
B 
C F&sk Assessment Methods 

Technical Memoranda on Fiild Actnnhes (ii avallabie) 
Analyhcal Data and WQC Ev&uabon Results 

Source EPA1988b 
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0 Revieunng and prowding QNQC t 

0 Refining the llst of alternames to be evaluated 

4 10 TASK lO-DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

The detaded analysis of attematnres comsts of the anatysls and presentahon ofthe relevant mfor- 

matton needed to allow declslonmakers to select a Mte remedy Each attematnre reta~ned after 

conducting Task 9 IS assessed aga~nst the evalmon cntena and the results o f  the assessment are 

arrayed to compare the alternames and identrfy the key trade ofk  The followtng wll be performed, 

IF ths task IS needed 

0 Refinement of abmawes 

h 
I 

9 %  

Nine evaluatton cntena have been eStabls statutory comderatlons and Include 

the follounng 

, or volume through treatment 

-ea(=@== 
Community acceptance 

These cntena are described m the Guidance for Conducting Remedial Investlgat~ons and FeasrMlq 

Studtes Under CERCIA, (EPA, 1988a) The inmal two cntena are considered threshold cntena 

because these alternames must be satsfid before further constderahon of the rematntng cntena 

The next five cntena are considered the pnmary cntena on which the analys~~ IS based m e  final 





a a 5 0  

DATA NEEDS AND DATA QUALITY OBJECTIVES 

The pnmary objective of the WYRi IS to collect the data necessary to determine the nature, 
dstnbubon, and migmon pathways of contaminants and to quanttfy any nsks to human health and 

the emmnment Human heafth and environmental assessments determrne the need for 

remedlation and are used along with the RFI/RI ste charactemon data to evaluate remedial 

altematnres, rf neceSSary The five general goals of an RFI/RI (EPA, 1988a) are to 

0 Characterize the physlcal and hologlcal nature uf the ste 

Determine the nature and extent of contamldtm. 

0 Define cantaminant SoLIrCes 

0 

0 Descnbe contaminant fate and transport - %* - 
0 Produce a baseline risk assessment (bu& heal&- environmental nsks) 

Data quality obpctnes (DQOs) are q u a l i e  i&&&&e statements that describe the qualw 

and quantrty of data requlred by the RFYRl are developed uslng the f d h n g  
* -  

~ree-stageprocess 

0 stage l-ldentny 

0 

0 

Through applicatto 

were ldenMied for 

needs and the DQO 

e-specrfic Rf I/RI goats were established and data needs 
Thts Section of the RFVRl Work Plan presents the data 

Data collected dunng previous mvestigations have been useful in defining and focusing the Wos 

P w u s  data collecbon actmes focused on slte characterizatm andnotonperformu?ga 

quanbMne human health nsk assesment or an emronmental evaiuahon Thls htstomal data, 

along wrvl the OU 3 conceptual model, were summanzed in Secbon 2 0  of this work plan This 

SeCtKKl presents the rabonale used in idemlying OU 3 data needs 
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5 1 3 Develop Conceptual Model e 
The OU 3 conceptual model I presented in Subsection 2 5 m e  model includes a descrtption of 

potential sources, pathways, and receptors The potential pathways identfied include surface water, 

groundwater, aquae and terrestrial biota, and atr/wind m e  potent~al release mechantsms include 

fugtbve dust and wfnd emston, surface runoff, infiltration and percolabon, hotlc uptake, and tracking 

by organtsms m e  pnmary pathway IS through the atr/wind dsperson of surface soils Thts 

pathway and the other potential pathways wll be charactenzed and evaluated dunng the RFI/RI for 
ths operable unrt. 

5 1 4 SpecQ RFI/RI ObJectnreS and Data Needs 

Based On m n g  data and the conceptual model presentedyinSecbon >< 2 0  the a t e - s ~ f i c  RFYRl 

ObpCtms and data needs assoctated Hnth determining the n&he and extent of contaminatton and 
performing the Human Health RBk Assessment and Emnmnmental Evaluatm were developed. 

+, 

% . -  

%. $ 9  The oblecbves ofthe RFI/RI are to v . d  

0 Charactertze w e  phystcal 
0 

0 plutonium and amenctum contaminatton at 

0 of other chemicals ldentmed that may be in OU 3 

0 rt the quantrtattve Human Health Rlsk Assessment 

0 Collect data to support the Environmental Evaluatmn 

Prewous work has focused on ate charactenzatlon and not the ob~ectrves descnbed above 





gs 

a z 
a 2 
U 

W 
0 

2 

P z 
U 
UI c 

C L 
3 

Ltf 





a . m .  a .  

a a 
0 m 
). - E - t 6 

C 
6 6 



t 



0 Level IV-CLP routme analytical services (RAS) All analyses are performed in an 

offsne CLP analytical laboratory following CLP protocols Level N is charactenzed 

by ngorous QNQC protocols and documentation Level IV IS typically used for nsk 

assessment and evaluation of altematrves 

0 Level V-Analyss by nonstandard methods All analyses are performed in an &ne 

analybcal laboratory which may or may not be a CLP laboratory Method 

development or method modficabon may be required for spec& consbtuents or 

detectton limits CLP special an- servfces (SAS) are LevelV LevelV IS 

typically used for nsk assessments 

The levels appropnate to the data need and data use have been specmed on Table 51 The levels 

as they apply to ths work plan and Specmc actnmes are presented in Table 5-2 The analykal 
levels specfed have been ldenMied by companng the detect*hn lirmts for an analybd method to 

the preliminary OU 3 chemical-spec& ARARS. 
r n 

5 2.4 Identify Data Quantity Needs ^g 

c 
v +  ' Data quantrty needs were based on a ~ ~ x & t J e ~ k b a l  se\,, data presented in the Final Past 

Remedy Report (DOE, May 1991a) and the ksbdf- Summary and Preliminary Health 

Risk Assessment @OE, May 1 

helped focus the addrbonal d 

in Risk Assessments @PA, 1 

&.tmve tieen co~iected previousiy at the ate that 

ddrbon, the EPA s Guidance for Data W l l t y  

ed to help determine the data quantity needs 

f %8- The r a t m e  for sampi descnbed Section 6 Held Sampling Plan in ttus document. 
In areas where 
qu- and locatnm 

to be collected wll confirm 

Support the Human Heatth Rsk Assessment and the Environmental Evaluation 

as soil samples), a stabad approach to defining sample 

e rabonale for sample q-es also assumed that the data 

Its and some of the hstoncd data wll be used quahtatnrdy to 

5 2 5 Evaluate Sampling/Analysis Options 

Data collection acbvmes must be designed to obtam maximum use of the data The sampltng/ 

analyss approach for ths work plan s based on prewous sne investgahons If sampling does nat 

confirm prevlous investigaton, addrtronal data collecmn actMtes may be necessary However, an 

RFllFl work Plan for ou 3 
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effort has been made to anticapate most of the field work necessary to meet the DQOs. In addam, 

results from other OUs and from the Ou 3 sampling program will be evaluated as data become 

available If results indicate that addltronal analyses or sampling is necessary, modlficatrons wdl be 

made to the sampling program Thls mll be done to avoid performing a successwe RFW 

5 2 6 Review of PARCC Parameter Information 

PARCC (precsion, accuracy, representabveness, completeness and comparabilrty) parametm are 

indicators of data qualrty Precmm, accuracy, and completeness goals were established for thIS 

work plan based on the analyses to be performed and the a d y t t d  levels. In the qumbtatm 

Human Health Rlsk Assessment and the Environmental Evahmon, only data that have been 

revwed and met a Specmc mena can be used A summary &he mmimum requrtemerrts far data 

qualUy indicators IS presented in Table W9 as IS a descnpth &_the potential impact to the human 
health nsk assessment, and the suggested correchve actran presented m Table 53 wn 

be usedto evaluatethe data useab~lrty ofthe data &&from theOU3sfield sampling PrOQram 

The analyhcal program requnements for OU 3 ar;%l@q&d in Subsectm 6 3  d ths work plan 

&OCOI (GRRASP) (DOE, 199oc) fw all General Radlochemshy and Rcwt~ne Ana@- 

ng the data quahty requuements for 

anaiytd levels I1 

levels II through V are d h e  compambhty and representatnreness for all 

analytdleveis TheDQOs KM, accuracy, and completerress will be used in 

2 6  

-% 

.." % * e -  

0 The adykal program specffiesthe use of- m&@s+referenced in the EG&G Rocky Flats 
% d  * -%, 

evaluatmg the qualay andwdata. 

Preclslon and accu the analytical data collected for OU 3 mll be evaluated based 

on the control lim the referenced analytcal method and/or in data Val- 
guidelines For , the accuracy ob~ecbves specdied m the GRRASP vdi be 

foilawed The speafied cntena for preclslon and accuracy are descnbed M Sedton 1 O b o u a l Q  

Assurance Addendum for OU 3 

I The target completeness objective for the OU 3 field and analytical data IS 90 percent. 

Comparabilrty IS a qualrtative parameter that expresses the confidence Hnth whtch one data set Can ' be compared another In order to d l e v e  comparatxlity, work p e r t o m  at ou 3 Hnll 
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6 0  

kFIELD SAMPUNG PIAN 

6 1  INTRODUCTION 

The purpose of this seaon of the work plan IS to present the field sampling plan (FSP) that has 

been developed to meet the RFYRI Otyectlves As stated in Section 5 0, the primary objective of the 

RFI/RI IS to collect the data necessiily to determine the nature, dtsmbmon, and migratmn pathways 

of contaminants, and to quamfy any nsks to human health and the environment. More spec& 

objectwes were listed in Subsection 5 1 4 Based on these objectrves, the Srte-speCmc DQOs and 

data needs have been idemdied in Sectron 5 0 and are the &for developing the field sampling 

plan in thls section Fleld sampling acz~~mes, by media, are pr&ented in Subsectm 6 3 1 through 
9 * -I -‘I 

6 3 6  r ’2** \ 4 
. %  ‘* r; 

”., 6 

It IS important to recognne that add- phasespfpestlA~ may be requrred at some of the 
IHSSs pnor to feasibtlrty sades if cmtammants otheqWflutonium and amenciwn are detected 

However, an effm has been made to antia necessary to complete the RFyRl 

dlscusslon of relevant stud= by wther 

ing act~tres by medra-sorl, sed~mmts, surface 
water, groundwater, ar, and @on af sampling acbvihes, the sample 

analysts Program (sample cal requirements, sample contaners and 
, and data repomng requments) and the field 

dscussed in Subsecbon 4 3, detarled samplrng pJans 

? S / - d *  

? *k. 

Specmc sampling actmes 

61  1 Background 

Previous invest~gat~ons in the vlcinlty of OU 3 have been performed and are descr~bed in the past 
Remedy Report (DOE 1991a), the H~stor~cal Informaon Summary and Preliminary Health Rsk 

Assessment (DOE, 1991b), and bnefly MI Section 2 0  of ths work plan These data have helped 

focus the fdd acmties neceSSary to complete the RFlml and perform the quantaatrve Human 

Health Risk Assessment and Enwonmental Evaluabon Addnional field investgatlons are being 

F?Fm work Plan for ou 3 
Rocky Flats Plant Golden Colorado 
DEN/FLATs&ry79 57 

Final Dnm Work plan 

Page 61 
JW 3 199111240 ~oocr 





6 1 2 Relevant Studies of Other OUs e 
As previousty mentloned investigations are oGcurnng at OU 2-903 Pad Mound, 881 Hibide and 

East Trenches Areas OU 5-Woman Creek and OU +Walnut Creek Pnonty Dmnage that are 

relevant to OU 3 Similar field sampling techniques and analytical methods wll be used, where 

appropnate so data collected from the OUs are comparable Work performed In other OUS will also 

be used when evaluattng OU 3 results In addltion some of the sampling results from OUs 5 and 6 

should be avatlable before OU 3 sampling begins. The OUs 5 and 6 results that are avatlable Will 

be reviewed and modfications to the OU 3 sampling program mll be made d necessary 

At OU 2, studies to evaluate the static and mobile soil phase of the physiochemlcal assoclatron Of 

plutonium and americium wlll be performed Thls work will prmde mfmation on the mob~llty and 

enVirOnmental fate of radionuclides in the soils. Hydrologidatylyses of the frequency, duration, 

and intenstty of summer precipttation events and spnqsncmnnelt events coupled vvlth direct 

measurements of solute transport in soh, wll provfde jnf&mauon tkassess the movements of water 

and radionuclides (dissolved and particulate) d - i h y f i b  sod Gumn A descnptton 04 the 

Phase 11 RCRA ~ a ~ l ~ l t y  ~mreatgatt on 

m e  ulfonnatmn provided from these 
d plutonium and m u m  found 

*, 

*% 4i 

w ~ r k  to be performed Is pr- in Attachment i yh 
\ 0 

At OUs 5 and 6, the Woman rekk dramages are betng inv-ed The results 
from these actmies wll be the dratnage investigabons for OU 3 In addaion, 

background sampling of sediment and suface water sampling that mll be 

cdlected w e n  of 0 nd mformation on Walnut Creek Ths mfoormabon mll be 

used in evaluating results from the OU 3 I- Background 
groundwater qualtty wil the 50 wells that were installed in 1989 as part ofthe network 

to characterize upgradient dwater unaffected by RFP (Rocky Flats Plant Slte Ernwonmental 

- Report, January through December 1989) (EG&G 199Ob) The wells are sampled quart* as part 
of the Rocky Flats Plant a e  emronmental monitonng program In addthon, the Background 

Geochemical Charactentabon Report for 1989 (EG&G 199Of) describes and summarizes 

background geochemical data for surface 

Final DnR work Plan 
J U W ~  19gln2m~oon 
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6 2 1  Approach 0 
The approach to identlfying and selecting the Chm'IrCal analyses for OU 3 conssts of the following 
two steps 

0 Step l-Summanze compounds that have been detected along Indiana Street for 

groundwater, surface water, and sediments by analytical group 

Step 2-Evaluate results to identtfy prevalent compounds and chemicals of concern 

In Step 1 pertinent data are tabulated s b n g  the number of detections of each chemlcal that are 

detected one or more bmes, the maximum value detected and &average of the detected values 

C0mpounds that were not detected are not included in the, d mqanes. The IS performed for each 

media sampled The anaiyt~cai groups are as follows 
sb "% 

T-+,* \&, N .. 
&. 

+ " k *  
.(-* 

0 Target compound list (TC OIOAS) 

0 TCL Semnrolatiles 

- AcidExtractables 

- BaWNeutralExtractabIes 

Three possible outcomes are through the tabulahon of data. 

0 Case 1-The tabulation demonstrates that chemicals wlthin one or more analytical 

groups in a specdied medla have not been detected at the g w n  detectton lima 

Therefore, addatonal sampling for that analy&lcal group IS not necessary to achieve 

the RFYRl ob~ectrves 
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TABLE 6-3 

SUMMARY OF COMPOUNDS DETECTED IN GROUNDWATER 

VOA-CASE 2 
Methylene Chlonde 56 
Acetone 52 
11 l-tnchlorethane 50 
Carbon dsulfide 44 

Trans-l.3-dldrlOropropene 33 

11 24 94 Psn 
5 24 12 Psn 
1 3 9 200 Psn 
3 3 2 Psll 
1 5 5 Psn 

J *' + 
P 

35 ,?to, %* 27.2 

4 M x  04 * A O 2 a  

36 220 -%* 31 3 
-L' 1 1  - A -  0 3  14 

10  

P 

213 

007 
0 135 

80 
4 m r e w  

15 
5 
8 

2oOOO 

0 lNoRGANIcscAsE2 
0.05 
1 

Aluminum 
b u m  

Cadmium OOOO 
3 
0 017 
8 
0 016 
9 
169 
0046 
OS74 
5 
OOOO 

24 
062 
0039 
0025 
6 
0 138 

Oooo3 0005 msn 
Chromium 00148 005 

00092 02 msn 
030 
005 
005 

man 
msn 
man 

0 159 
0 017 
0278 

Iron 
Lead 

Mercury 0002 00002 
2 
0 157 
0 016 
00202 

Nickel 
Selenium 
Silver 

02 
0 010 
005 

18 

18 
3 

Z i C  2 msn 16 00493 

'Averagevalue of detecborw (nondetects not included in average) 
b A R A R  idenMiCd 



12 
1 
4 
1 
4 

21 
5 

14 
2 



TABLE 6-4 

SUMMARY OF COMPOUNDS DETECTED IN SURFACE WATER 
(concluded) 

Units Numberof Numberof W m u m  Av- 
VdUe Vslue' MCL2 paruneter Analysts Detections 

Selenium 
Sliver 
zinc 

2 0011% 0008 001 mgn 

1 002 OW 0 12 m f l  
27 0 3414 0023 01 msn 

Average value of detecbon s (nondetects not included in average) 1 

2LcRNcstARAR ~derrbfied 





6 2 2 Data Review Summary 0 
The data reviewed for this evaluation were from four alluvial wells along Indiana Street, three surface 

water samples at Walnut Creek and Woman Creek located along Indiana Street and Sediment 

Samples collocated Wh the surface water samples (Figure 6-1) The data were collected from 1987 

to 1990 Resufts are tabulated by media and are summarized on Table 63 through Table 6-5 A 

chemical was considered detected d the value was above the method detection limit of ff it Was 

qualrfied with a 'J indicating the presence of the chemical but below the method detectm limit 

Those values quatilied wrth a '6' were not considered a detection A 'B' qualifier indicates the 

chemical was found in the laboratory quality control (QC) blank and is probably associated W h  

laboratory contamination rather than site-related 

The data quallty and useability was also considered in the data , r m w  Most of the water quality 

data were validated or acceptable WRh qualifications relatwe~~&i&mce pmded in the QAPjP and 

GRAASP However, high concentrat~ons of acetone,vbutanone, and methylene chloride in the 

laboratory blanks in the 1987 investigations renderh i fF i iho ascertsun their presence in samples 

as an indication of site contamination More rec&h@b&d data indicate they are not likely site 

contaminants in groundwater or surface 

n - .  

P 

G e 
r Sorls, and sediments IS plesented in 

Table6-6 For analyzed for plutonium 239+240, americium 

241 uranium 233+234,235 surface water samples will be analyzed for TCL 

volatile compounds in sam Mower Resenroir only All surface 

water samples will be 239+240, amemum 241, uranium 233+234 235,238 

and metals The L vomles, plutonium 239+240, 

americium241 u 238, and metals The surface water and sediment samples 
11 samples will be analyzed for the 

plutonium 239+240, amen 1 and uranium 233+234 235 238 sotopes The rat~onale for 

each analysis IS descnbed in the f o l h n g  paragraphs and arranged by media 

Miscellaneous analyses such as total organic content bulk densty and catior\/anions will be 

addressed in Subsection 6 3 Field Sampling Program 
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TABLE 6-6 

SUMMARY OF CHEMICAL ANALYSES FOR OU 3 

~~ ~ 

Ground Water Surface water* Sediments Sdk 

TCL VOA N O - 2  YES-3 YES-3 NO 

TCL Acid Extractable NO-1 NO-1 NO-1 NO 

TCL Base/Neutral NO-1 N O - 2  NO-2  NO 

TCL Pest/PCB N O - 5  NO' - 2 NO-1 NO 

Radionuclides YES-2 YES-2 YES-3 YES 

TCL Metals NO-2 YES-2 YES 3 NO 

ax 
J+ Ndes 

1 CASE1 
2 CASE 2, Further data not required. 

4 CASE 3, Data required 
5 Noanalyses 2 data lndicate not present 

Surface water samples wll be analyzed for 

./ &, 

tj %<rw 
3 CASE 2, Suppiemental data reqlnred =e" 

* '9, 

0 
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were detected only once out of approximately 60 analyses Mehylene chlonde was detected the 

most frequently with 10 Occurrences however methylene chlonde is a common laboratory 

contaminant Toluene was detected 9 (maximum value of 6 pg/l) times but in lwels significantly 

lower than the MCL of 2,420 pg/l None of the spunous detecttons occur above the MCLs As 
described in the fate and transport section, volatile compounds readily undergo V O l l i l i z a t m  so it is 
unlikely volatiles would be detected at significant levels VOAs are being analyzed in OUs 1 and 2 
The Standley Lake and Great Western Reservoir are sampled monthly and analyzed for volatile 

compounds Since Mower Resemr has not been sampled and since spurious volat~les have been 

detected in the streams along Indiana Street, VOAs will be cdlected in Mower Reservoir and the 

stream dfiches No VOA analyses will be performed at Standley and Great Western Resewoir 

6 2.2.2.2 Semwolatiles-Case 1 and 2 No actd extractabi~~pounds were detected in the 

surface water samples located along Indiana Street, There-- ais0 been no hlstoncal release of 

acid extractable~ at the site and OUs 1 and 2 have droppd&$.eSdractaMe adyses from their 

.f 
*- % 

z +% 

sampling program ' e  1 3  
% 

Four low detections of base/neutral c o m ~ b & i  ed n the surface water samples 

F w e H )  B~(2-ethyvlexy~ pmhalate nddetectedmorethanonce The 
m m u m  level detected was 19 p@, w OOo pg/l In addion, at OU 2, there 

were only 3 detections of 3,240analyses OUsland2areno 
longer sampling for base/= ore, semnrolatiles will not be analyzed in the 

P~OpOsed surface water sam 

6.2.2.2.3 TCL pesttack or PCBs were detected in the surface 

water Sam re detected Atraune and slmaune were detected in 

low levels (Table value detected of atrazine was 0 62 p@, well below the MCL 

of 3p@ There IS er MCL established for simazine At OU 2, there were 3 

detecbons d pesbades/PC cides out of 2,368 adyses. The three detections fKrm samples 

at OU 2 were also for atrazine TCL pesticides and PCBs are being dropped from the analysis 

program for OUs 1 and 2 The TCL pesticide and FCB analyses will not be performed at OU 3 

However, the herbicides atrazine and simazine will be analyzed for in the OU 3 surface water 

-pies 

6 2 2 2 4  Radionuclides-Case 2 Radionucltdes were detected wRh low levels of actMty and 

therefore are assigned Case 2 Plutonium radium Strontium and tntium were detected in low levels 
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signtficantly than the proposed RCRA action limtt Semtvolatil& are no longer h n g  analyzed at 

OUs 1 and 2 in sediment samples They will not be analyzed in sediments for OU 3 

6 2 2 3  3 PesticidedPCBs-Case 2 One pesticide was detected in the sediment samples Beta- 

BHC was detected at 1 5 pg/kg At OU 2 there were no detections out of 486 analyses. Pmcide 

and PCB analyses have been eliminated at OUs 1 and 2 No pesbade/PCB analyses wtll be 

performed in sediments at OU 3 

6 2 2 3 4  Radionuc l i iase  2 Low levels of radionuclide actMty have been detected in the 

sediment samples (Table 65) Gross alpha and beta have been detected at 39 and 36 pcl/g, 

respecttvely In addrtton, plutonium 238+239+240 radium 226+228, strontium 90, and m u m  have 
been detected in the sediment samples The sediment ,samp'es at OU3 wll be analyzed 

plutonium 239+240, amencium 241, and uranium 233+234, 235% 238 and gross alpha and beta. 

Tntium will also be analyzed in sediment samples coilected*"aton'$4Nalnut Creek to characreme 

tritium in surface water from an accidental release of m u m  in 19m'* 

6.2.2.3.5 Inorganics-(=ase 2 Metals have been db&pd&$$n sediment samples and therefore are 

a s s l g n e d a 2 F * b 6 5 )  Vanadium ese, iron. copper, chromium, 

ment samples. To evaluate metals in 
metals in sediments wll be evaluated 

e Background Geochemical 

&21 1990)  etai is WII be anatyzed in sediments 

> 

- 5 ,  

p p s."% 
4 k $ , P  

e . ,  

sediments, establshing background levels 

62.2.4 Soils - 

Soil samples have the area and analyzed for plutonium amemurn, and beryliturn 

ed in the 13 sectors sampled by CDH in 1989 The results for 

beryllium in all sectors are below the method detection limn of 27 pgkg Soil samples have not 

been analyzed for voWles, semnrolatiles, peaudes/PCBs, or other inorganlcs in ths area Because 

of the high potenttal for volatillzatlon of VOAs, R IS unlikely VOAs have mlgrated far in SO& thetefore, 

no VOA analyses wtll be performed for the soil samples SermVolatdes have not been detected in 

signtficam levels in the groundwater surface water and sediments at OU 1 and 2 and along Indiana 
Street, therefore semlvohtile analyses wtil not be performed at OU 3 Pesbcldes and PCBS have 

also not been identmed as a chemical concern at OU 1 and 2 and have not been detected at 
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amencium concentrations depth Vertical profile samples wili'be Collected fdlmng the method 

used at OUs 1 and 2 Thls method conslsts of collecting 11 samples at vanous depths according to 
the following sample scheme 

0 The upper 12 on will be sampled in 3 cm intervals at 0,3 6,9 and 12 cm 
The next 12 cm will be sampled in 6 cm intervals at 18 and 24 cm 

The next 24 cm mll be sampled in 12 cm intenmls at36 and 48 cm 

The deepest 48 cm WIN be sampled in 24 cm intervals at 72 and 96 cm 

0 

0 

0 

The samples wll be collected by digging a trench wrth a backhoe or shovel 15-meter long, 

1 O-meterwrde and 10.meter deep One wall of the trench wdl be dug as a blW~rrc#sewsth 

each stsur step bemg 15 cm in helght. The smr-step wall helpshinimne class contaminabon of 
SO& with depth The vegetamn at the surface of the s e l e d d d l  WU be cropped dosely to the 
surface and discarded An SOP for soli sampling IS cu&&kg developed. The sol1 win be 

s a m p ~  at the appropriate intenral stamng t the a&,in a gwen pit.  he sol1 

morphology mll be descnbed according to the p c u u & t l y  being developed for logging sol1 

samples -1 sampb will be collected uslng a *+ scoop and template (3 cm x 20 an). 

composffed to provide a better asampfe has beencollected, soil 
layers below It will be cleared of sloughed posslMecontarmnatmfromtheupper 

of a g m  pa and the depth belowsutface 
for eadl Sample wll be the flag Each pn mU be backfilled wrth the 
onginal soll mmre rem 

* 

d 

whfcfi will be pressed into the wall ofthe SampleSftWleaChdephWUlbe 

rcerrt ofthesamplesmll also be 
analped for TOC, ngsampleanalysisandfield 

in Subsections 6 4  and 6 5  of- document, ~espectnrely 

63  1.2. Surface Soil Sunrev 

The second soil sampling act* IS to perform a surface sod survey using a gnd The purpose of 
the sampling actIvIty IS to delineate the lateral extent of plutonium and amenclum contamination in 

OU 3 and to confirm pe~ous  sod investigatm Numerous soil samples were collected and 
analyzed for plutonium in surficial solls east of Indiana Street dunng past invesugat~ons. Most of 0 these analyses were performed dunng 1971 and from 1975 to 1978 These past samplmg events 
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more or less evenly spaced Whin the area The dtfference in aka between the RFP soil sampling 

and the CDH sampling techniques introduces some uncertanty in the optimal spacing calculations 

Therefore the optimal spacing will be reduced from 1 750 to 1 000 meters between 1O-aCre plots to 
implement a more consenratlve gnd spacing The semi vanogram was rsotropic so the 1 OOO meters 

will be used in all directions 

As stated In S u M o n  2 1 4 2 attempts were made by Krey and Hardy (1 970) and Dow Chemical 

(DOW 1971) to establsh plutonium contours surrounding the RFP A gnd approxlmately 3 by 

5 miles located east of the RFP boundary has been overlad on the Krey and Hardy map shmng 

plutonium contours in the vlcinrty of the RFP The grid encompasses the three IHSS reservoirs 

(Great Western Mower, and Standley Lake) and most areas wnhin the 10 mCVkm2 (approximately 
1 pCJgm) contour developed by Krey and Hardy Approxlmptely thirty five IO-acre plats mll be 

sampled within the gnd (Figure 6-3) @ %  

"k 
k -* % 

The gnd does not encompass areas located to the west of the 903- (source of plutonium and 
that premling mnd condltlons 

and dlsperscon are tothe northeast, east, and so n addrtlon sampling has been 

performed for Western Aggregates on of land located on the Rocky Flats 

West Buffer Zone The samples were H soil sampling method and were 

um 238 values ranged from not detected 

to OssOpCt/g Plutonium from rtot detected to 0695 pCdg (Western 

Aggregates, 1991) These the 0 9 pCVg CDH standard for plutomum 

Sampling resutts and locatio 

xi. 

0 

DH soil-sampling method that IS descnbed in the SOP 

No 3.8, Subsectio wll be cornpeed from 25 samples evenly spaced  in a 

IO-acre plot and ea ced 1,OOO meters apart. In areas where sampling the plot is 

not feasible-such as I s and reservoirs-the locatton will be shrfted to a more 

appropriate location, rf possible Othenme no sample mll be collected for that locabon 
Plutonium 239/240, amemum 241, uranium 233234,235 238 vdl be analyzed for all samples In 

10 percent of the gnds a grab sample wll also be collected and analyzed for TOC bulk demty, 

and grain slze to assess fate and transport propemes of the surficial soils 

In addaon to the soil samples collected within the gnd samples wll be randomly collected in 

locat~ons between the 10 mCdkd (approxmately 1 pCi/g) and 3 mCdkm2 (approxlmately 0 3 N d g )  



t 

t 



s 
i 
& 
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contours of the Krey and Hardy map (Figure f5-3) This area is more developed than the area wthin 

the gnd These samples will be collected to characterue plutonium amencium, and uranium 

concentrations for different land use types and to delineate these concentrations at more distal 

points from the RFP Varying land uses include residenttal open spaces, and agnd'tural If 

IO-acre plots of similar land use cannot be located, plot sues will be reduced (The 25 subsamples 

WIII sbll be collected from the reduce plots) These samples wll be analyzed for plutonium and 
amencium and uranium 

6 

6 3 2  Sediment 

The sediment sampling act~tles proposed for OU 3 consist of sampling dramages, rese~olls and 

near-shore sediments Dratnages are a potential pathway for migration Exposed sedifnents 

in turn, are a potenttal pathway of dlspersion of contaminants by,mnd 
d -- 
"-., "I 

3 
e 

6 3 2 1  Sediment Samples in Ditches "., 
2 P&> 
t,- + %  r' f' 

*% "%, 
TO characterize the extent of contamination in d&ge Cdkhes, the follmng sediment samples mll 
be collected (see Figure 6.4) 

fl--+%+++ L - 2  % ,  ..>> --% *-r 
0 Seven sediment samples -@eat Western Reservoir along Walnut Creek 

0 

Id Dtversion Ditch 

Mower Reservoir 

0 Three samples below Mower Reservoir 

0 SIX samples above Standley Lake along Woman Creek Dratnages 

Three samples below Standley Lake 

0 One sample near the inlet of Clear Creek Irrigation Ditch 
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A total of 28 sediment samples are proposed for the sediment dramage investigaon Two sediment 

Sampling locations (SED 002 and SED 003) are part of the annual monttonng program at the RFP 

and will be used to represent upgradient sediment locations along Walnut and Woman Creeks 

(Figure 6-4) Previous investigations have focused on sediment samples in the reservars rather 

than in the dmnages. Samples associated wrth the drainages of each resenfar were estrmaeed 

based on a stanstd approach Colleang seven samples in the Ffmnages above the reservoirs 

prowdes an approxlmately 99percent confidence level that the medm contemn for a 

populmon wll not exceed the largest concentr;rtron detected HI the sample population (Conover, 

1980) Three samples provrde for an approximately 85 percent ConfideCIce level These general 

statst~cal guidelines were used to estrmate number of sediment samples along the drsunages and 

wll fulfill the data needs for the quantnatlve Human Health Rtsk,iAssessment and the Emronmental 
7 

Evaluation * 1 .  

*% 

The dmnage sediment samples w~ll be collected sin*& the rnetbds proposed in OUs 5 and 6 in 

weas where sed~ments have accum~iated m ~od'&ron ~ I I  const a 240tx 

oomposlte sample taken to the depth of the first the sediment. If the sediment is 

thcker than P f e e t ,  a second composne from2t04feet Allsediment 

samples WIU be collected according to s samples wu also be gedogccalty 

% 

logged according to SOP No 31 

analyzed for tnbum to 

accidental m u m  re1 

analyzed for TOC, bu 

These be analyzed for plutonium, ammdum, 

lease of m m  to sediments from the 1973 

percent of the sediment samples will also be 

to assess fate and &ampor& 

Resetvolr sediment sam nslstafmotypes sedimentsampleslocatedneartheshorelm 

that may potemally be exposed during low reservoir capac~  and samples collected from wittun the 

deeper areas of the reservoir 

632.2.1 Near-shore Resewoir Samples The near-shore reservoir sediment samples Hlln be 

collected to characterize sediments that potenbalty may be exposed dunng low resemr Capacrty 

The exposed sediments may be dispersed by unnd which potentrally leads to ingestion by people 
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Sedimentation rates for the eastern end of Great Western R e s e h r  range from 0 82 to 1 45 inches 

per year and in the center of the reservoir from about 0 1 to 0 46 inches per year, (Battelle 1981)  

Using an average sedimentaon rate of 1 inch per year, a core of approximately 30 inches would be 

required to represent sedimentation from 1960 A gravq core sampler wll be used to collect the 
reservo~r vert~cal profile sedment samples Depending on the densq of the SutSrate and we@% of 

the cores, penetmon rates of 30 inches can be attarned vemcal profile samples will be collected 
from the core and analyted for plutonium and amenaum The top 6 inches, which IS likely to e 
Compacted, wll be the first interval sample From 6 inches to the bottom of the Core, 1Jnch l n t H  

samples wll be Coilected and analyzed for plutonium and amer~~ium If cote mxvenes are JW, 

field personnel wll select appropnate sample intervals. 

sample and analyzed for plutmum, americium, alpha and beta, TAL metals and TCL 

vdables. Ten percent of the grab samples mil 

desmbed in Section 11 0 o f  ths work 

for TOC, bulk density, and gmn 

size The procedures for sampling wll 4 6  V-tOth8-W 

6 3 3 Surface Water 

The surface water program designed to charactem plutomum, ame"lm, 

uraruum, TCL volat~les 

samples wdl be cdl Western Resenmnr and assoc~ated dramages, Mower 

Resenrolr and Standley Lake and assocliited dratnages The program Is 
also desgned gations at the reservom Great Western R e s e ~ ~ r  and 

Standley Lake are Cay of Westrmnster 

Thomton, and Northglenn Therefore, an extenswe surface water morntoring program IS not 
required Results from these monrtonng a m e s  wll be incorporated into the quantftstnre baseline 

nsk assessment. 

by CDH, the C W  of Broomfield, 
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sampling procedures descnbed in SOP No 4 3  w~ll be fd lowb Modifications to the sop are 

descnbed in Section 11 0 of this work plan ' 

All surface water samples will be analyzed for plutonium amencium, uranium gross alpha and beta 

TCL metals atraz~ne simazine mom/anions DO pH and speclfic conductance Samples from 
Mower Reservoir wdl also be anaIyzed for TCL volatiles since Mower Reservar has not previously 

been sampled for volables, unlike Great Mower Resenmr and standley Lake Samples w11l be 

collected ~ W I C ~ ,  once dunng high capaaty, and once dunng low capacity to rdefIt!fy changes in 
concernon because of reservar condrtions High and low capames w111 be i d e m  based on 

hlstoncal capacrty of reservars 

6 3 4  Groundwater . " Y  

A IimRed groundwater field investrgabon mll be perf0&#~h?.&4 Z. Cunently, 14 wek  in the 

eastern mer zone are sampled on a quarterly basit as part &-the RFP slte envuonmentat 

monnonng program. Seven of these web are Incllana street (Flgure6-6) The 

groundwater morutmng wells are analyzed fort anions, CLP target compounds 

The results to date- the RFP 

7. 

*/ 

* -* 

,, w 

(VOht~les and SemlvOhtW~), OII and g 
upgradmt of OU 3, but downgradlent of 
boundary wells have not detected contam1 

Health Rlsk Assessment oontamlnants are 
RFP through the groundwater 

quarterly dunng the im 

these wells If 

d-ped 

Thepurposeofthegr gmon IS to otmn srte-speafic hydrogeology in the naruty of 
Great Western Reservoir ley Lake and to assess impacts on groundwater from pdent~d 

contamination that has been dispersed olfste to OU 3 Groundwater sampling wll also identify 

potenaal contaminatton in the groundwater from SoiVgroundWater interactKHIs and surface water/ 

groundwater interacttons, rf present 

buffer zone wells wll continue to be rewewed 

3 work to identify ~f contaminants are detected in 

, an expanded groundwater field investlgatKKl will be 

Two groundwater monltonng wells w11l be located downgradient of bath Great Western Reservoir 
and standley Lake One well will be installed and completed in the unconfined alluvial system and 

one well will be completed in the confined Arapahoe formmon at both locat~~ns The shallow 0 
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more Sediments for potential dispersion The Standley Lake lomion was selected because of its 

reCreatiOnal use and pram@ to residents If dspersion does occur Standley Lake has a greater 

p o t e m  for exposure because of these factors 

In addition to the site-specdic air sampling program an extensive air monltonng program ts cunently 

bang implemented as part of the RFP site environmental monitoring One portion of the air 

mOnitOnng program IS the radloactrve amkent air monitonng Radloactnre amkent air samplers 

monitor airborne dispersion of radoactlve matenals from RFP into the surrounding emmment. 

There are 14 penmeter samplers along the border of the RFP and 14 comrnunlty samplers located 

in metropohtan areas adjacent to the RFP Samplers operate cOnbnuouSly at a vdumetnc flow rate 

of approximately 12 lrters per second and collect illr particles on 20 by 25cm fiberglass fitters 

The data cdlected from the drscrete sampling and exisbng a r  yflmng program mll be used for 

h~man n ~ k  assessment ~ndnnd~al expowre pathwavs ~ ~ ~ ~ ~ ~ ~ r e c i  in the envrronmenta~ 
assessment For thrs reason, Sampling wlll target inhalatde parbde&-- .’* 

Sampkng wit1 be performed attttwo l o c a t ~ ~ l s  asd&+* SeparateSamplKlg eplsade~ w l  
be performed during forecasted low, medi ndrtions. Wind at the Me IS USuaNy 

P 
P ”  

p 3 

y *  

* *  

+% 

&- Q $f/ 

gusty, expected average Wnd veloclty 

Analyses of collected sampi0s urn and fsotop~~ amemurn If soil 

and water sampling indi other radmuclldes or amtammB on the 

reservoir banks, the required to characterne the other contammants 

SOPS do not cu requirements Sampling will probabty fdlow the 

Radioactive Ambm for PMO sampling Ths method 

conssts of ‘HmP Sam inlet such as the Anderson Sampler GMw321-A will be used 

to limrt collected 

Two samples each from the  NO locations will be collected dunng each of the three wnd condrttOnS, 

for a total of 12 samples In addition, one duplicate sample will be collected for fieid W Q C  each 

day, for an expected total of SIX addmonal samples These SIX will be spilt equally between the two 

locations These duplicates will be checked only for weight of particles collected on the filter 

However one of these duplicates wll be used for lab matrix spike and a second for a lab duplicate 
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Monrtonng and Assessment Dwtsron (EMAD) for RFP monrton6 programs mll be followed when 

applicable This SOP includes procedures for sampling organsms,' and PrOtOCOl for Sample 

documentation and management The ecological field sampling plan presented here will be 

reviewed penodicalty and updated as needed 

e 

The ecological field sampling has been carefully integrated wRh the RFI/RI sampling for OU 3 in 
order to coordinate the water, sediment, and soil sampling efFW wm the ecological sampling 

m e r e  possible vegetatm sampling will be bcaed in the same areas and scheduled to cornade 

with soil sampling, and surface water and sediment sampling will coinclcle wnh aquat~c sampling In 

addltlon to planning sampling events dunng the same timeframe, the ecological evaluation staff wll 

revw RFI/RI sampling procedures and analyt~cal protocols for water, sediment, soil, and ar 

Samples so that the data necessaty to developand model expot&= patt.Mlays dunng the EE wU be 

amlwefrom the RFI/RI program  he e~dogl~al fieici sampihg+t ou 3 WII ~ISO be integrated WIUI 

the ecological field samplmg at Walnut Creek (OU 6) and Wbwh Creek (OU 5) so that the data 

produced at these two adpent operable una are c 6 h b l e  ~ " O U  3 data. ~f appropnate, the 

ou 3 cornparatwe ecology studies may use the +r+ refe;encs weas establ- on a 

RFP srtewde bass Prior to finalne the work plm,qn @el slte VlSR wll be conducted to select 
terrestnal sampling locations. 

I+ 

* *  

a, kw $ 

The field sampling pmgm WII field survey oonduded v1 the spnng, 
followed by two quamabve late Spnngearty summer and in late summer- 

eartyautumn Dwingthe g efforts the sampling teams wll cormnue to 

record qualitatwe 0bSenr;rtro retation of the field data collected d u m  the 

program and provide The tmsl qualaatwe survey vvlll be scheduled to 
coinale wnh the 

In general the ecd ing program wll provlde data necessary to compare aq-c 

and terrestrial reference areas, measure 
directly and measure the accumumon of contaminants in plant and animai tissue As stated 

above, the field sampling program IS dnnded ~nto two components qualmwe surveys and 

quantmwe field sampling The obpchves of the qualaatwe surveys are as follows 

n of pmne vegetatm 

0 Acquire addmonal srte-specmc data on plants animals and habm types to aSslst 

in idewing potential exposure pathways 





Measure accumulation of selected inorganics and radionuclides in plant and animal 0 tissue L 

0 Fill data gaps identified during the lrterature r e m  and the qualitatwe field Surveys 

6 3 6 1 Aquat~c Ecosystems and Biota 

The a q m c  ecology sampling program will have two major Objectives (1) characterne a q w c  

communaes and couple *IS infmmon wRh soil, surface water, sediment, and sur data to conduct 
an ecological nsk assessment, and (2) acquire the data necessary to measure ecological effects of 

contaminants that cannot be assessed by the dose-response and compansoWo-cntena 

approaches In general, the aquatic sampling program ml @de data necessaty to Compare 

aqu;rtlc communibes at impacted and reference areas, to m & m  toxlclty Qrectly, and to measure 

bmaccumukhon of selected contaminants in benthic maczom&ebmtes and fish 

f w  

s, -% 

: $  \ >  

Y 
.* -* m 

Sampling of aqua& bots mil be shed 

both the almbc and W c  components of the sa 
water and sediment sampling so 

onscanbedescnbed Als0,Sample 

those used at m e  OU 5 (Woman 

between the studies on these Wo Creek) and OU 6 (walnut Creek) Ths 

watersheds wnhin the RFP boundary and 

As described in Subsechons 

field survey in the early spnng, 

sxaifipling program wll be dnnded into a qualftatnre 

uamatwe sampling events in the late spnng/earlY 
summer and late 

6361 1 ualltative field survey wdl be conducted m the spnng to Idern 
aquat~c bi erne aquatlc commumtres, to select reference &e, and to 

acquire data to fu conceptual model of contaminant tmsport to aquabc receptors 

The initlal spnng suwey mll also be used to confirm the sampling locabom and protocol for the later 

quantme samplrng efforts The qualttatnre surveys wdl be conducted along Woman Creek, Walnut 
Creek, and Mower Ditch above and below the respect- reservars Wetlands adjacent to the 

Creeks wll also be included SectKms of Rock Creek and/or the upper end of Woman creek that 

are physically and ecologically similar to the OU 3 sampling areas wll be surveyed to id- the 
most appropriate reference statms for the quantitative sampling The q u a l m  survey will also 

search for seepage areas where groundwater may be entering the surface water system 

i 
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The Occurrence of potential contamination along Woman and Walnut Creeks wRhin OU 3 wll be 

defined based on results of field water quality measurements observations of obwous contaminant 

impacts such as stressed vegetatton or absence of aquatic organisms and biological indicators 

Some examples of bobgical indicators include changes in species dnrersrty, changes in nutnenff, 

absence of pollmn-senme taxa or dominance of pdlut~on-tolerant taxa, abundance of filamentous 

algae or large dtfferences in reference and impacted areas 

0 

6 3 6 1 2 Quantnathre Aquatic Sampllng Quantitatwe sampling of aquabc communittes at OU 3 

wlll be conducted pnmanly to characterlze penphyton, benthos, and fish popuWns at nnpacted 

and reference (nonimpacted) locations, to measure contaminant boaccumulation in benthic 

macroinvertebrates, and to determine rf creek and reservoir water at selected locattons Is towc to 

fathead minnows and Cenodaphna Plankton communities milnotbe sampled for quantitatwe data 

because these pnmary producers are short-lived, relatweiy3& to radioactnre umtariinatm, 
a&l exhibtt large natural temporal vanlions in densrty anct'&&!qy 4 would be ddficult to estabish 

a relationship between plankton community changes& contamikntk in the reservoirs because 
responses to noncontaminant parameters such re, turbldny, and nutlrents would 

likely overshadow responses to the low level of present in the water d u m  WE, 

1991b) Wetlands vegetatm will be emstnal program becausethe field 

survey techniques used for terrestrial an Theqwntrtadivefield 

oglcal assessmentfietd programs at 

Eliminabon System (NPDES) 

plant dscharges, and wrth routrne m d ~ n g  

ng procedures mll tdlow where appropriate, the 

2 

"R 

1 *  

,. ;* 

monttonng program that 

events conducted by the 

Volume V EMAD SOP and fish 

ecology sampling are described in the fdlmng sub sect^ 

The sampling locations ed in Table 6-7 and shown in Flgure 6-7 These locatKKls may 
be modmed based on the atwe survey results scheduled for spnng 1992 As indicated in 

Table 6-7 the most upgradient aquatic ecology sampling stations on Woman Creek and Walnut 

Creek for OU 3 are the same statmns used for the most downgradlent stations m OU 5 and OU 6 

If possible, these two stattons will be sampled so that the data are available for all three opeme 

una  wrthout duplicating field effort 
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Since total mas of penphyton samples at each station IS expected to be low these samples will not 

be analyzed for contaminants Potentd for bioaccumulatron of contami[lants will be investigated 

using benthic macroinvertebrates and fsh 

0 
Benthic Macroinvertebrates Benthic macroinvertebrates are the most common fauna used in 
ecological assessments of contaminant releases or pollutron discharges They are Mned as the 

aquat~c invertebrates that are large enough to be seen wlthout magn&abon and capable of being 

rewlned by a U S Standard No 30 sieve (0 595 mm openings) Benthic macroinvertebrates will be 

collected from all aquatic sampling stations (Table W) In cases where the habttal does no2 allow 

quantfiative sampling, qualitabve samples WIII be collected wah dip nets and by grab samples of 

substrate and coarse partmlate organic matter (CPOM for example, leaves, tvvlgs, and plant 
debns) P *  

"., 
B 

~enthic mamnvertebrate samples MI be analy~ed to & b e  *e cornmunay at each 

stabon and, subsequently used to compare ecd0gcal"aSi)eas at ml#lded and reference locatlons. 

The potential for contami and be transferred through the 
food cham wdl atso be I Also, the maCIoInv8mbmte 

Cenodaphnra will be used to test the and resewow water uslng standard 
toxmty tests. 

7, 1 

Benthic macroinvertebrates gine creek statm, two reference statK)ns, ten 

resetvoir stabons and, om (Table67 and Flgure6-7) The benthrc 

communmes will be sampled flow cond~lons (spnng and &te-summer/fatl) In 
shallow flmng creek WIII be coliected uslng o I d Surber Sampler wnh 
0 595 mm mesh will be collected wRhrn a 2S-metercreek segment, as per 

SOP No 52, mow are taken Each replicate sample wdl be transferred 

directly into a mner, preserved in lopercent formalin or 70percent 

isopropanol andl No 113 Atreservou~ons,andmcreel<swherewaters 

poded, SIX rephcate samples will be taken wnh an Ekman Grab Ths mpwuspended sampler IS 

tnggered with a messenger and IS sulted for sampling the soft mud substrates expected at these 
stat~ons Each replicate sample Wdl be transferred from the sampler directly to a field wash bucket 

a No 30 sieve mesh (or smaller) washed thoroughly, transferred to a sample w n e r ,  and 

preserved as per SOP No 5 2 Large rocks and twigs can be dlscatded after organisms are hand- 

picked or washed into the bucket w"1 a water spray e 
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amilar-sized creek segments (SOP No 54) or resetvoir shorelink areas and by setting gill nets at 
resenroir stations All fish mll be rdenttfied and counted, and the physical charactensttcs Of each 

sampling location mll be documented to assess the influence of physical features on tishing 

SucceSS and habttat. Water qualrty data will be taken according to SOP No 42 Fish sampling, 
where appropnate will follow SOP No 5 4 

0 

The purpose of the fish inveshgatms is to evaluate fsh communtbes at impacted and reference 

iocatmns and to determine f contaminants are bioaccumulatmg in fish tssues to the extent that they 

pose a hazard to the fish Itself, to predators, or to human consumers. Creek and resefvoff waters 

mll a h  be collected from fish samplmg locat~~ns to determme f these waters are tomc to fathead 

m m n w  (Table 6-7) 

The Sample StatKUrs for iishenes work wll be the same 10- td25+eter creek segments or shoreline 

and deep areas in reservoirs used for benthlc sampling dftsf?iyhbe collected from all stat- 

dunng the late spnng-early summer penod and as;an”;n late & I & w ~  fall All fish wll be 

of reference specimens, small 

fortlssueanalysrs. ~recaUtKMs 

impact on fish populat~ons Fish 

nt emand or io percent formalin, 

* 

4 

.* sa - 
9 9  

.. 

Collecbng fish wrth 

and field data will be 
sampling tlme wlll be 

betweenstams 

The shallow shoreline three reservoirs mll be sampled by electrofiiing, and the deep 

and shallow reservoir stab II be sampled by gill nets. The field sampling procedyres are 

descnbed in the SOP Addendum in Subsection 11 3 of this report. The gill nets wdl be set on the 

bottom uslng procedures sunilar to the Colorado Department of Healths fishenes studies on 
Standley Lake (CDH, 1990) Ftsh mll be removed at 4- to 12-hmr intervals, depending on catch 
rates. 

Gktrmmg eqlnpment mi mow SOP NO 54 

A standard 

at creek stamns, to mruntam cotnparabllty 

SOP forms (such as Form 5 4s) 

Fsh samples will be processed immediately All fish will be identmed, counted and measured ( t d  

length to the nearest mm) Dominant s p e s  mll also be weighed Most fish wll be released back 
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to characterize the ecosystems and measure the ecological con&uences of contaminants released 0 from the source areas L 

6 3 6 2 1 Qualnative Survey The purpose of the reconnaissance and qualmwe fmld survey IS to 

develop a thorough familianzation with stte charactenstics (both blot#: and abiotic) in order to guide 

the qmntttative field surveys All features of OU 3 mll be covered in the reconnaissance field 

sunreys, including topography dmnages sotls, vegeta~on animals, wetlands, and the relabonship 

of these features to land use Ths FSP was based in part on infom-iatm produced in the two 

reports on OU 3 by DOE (DOE 1991 a, 1991 b) The we was wsrted on a famillarnation field tnp, but 

no deta~led 0bserVatKHIs were made Qualttatlve surveys mil follow protocol in Section 5 10 in the 
Ecology SOP 

The inittal qualitative field survey will be conducted in the &$, coinciding wrth the start of the 

growtng SeaSOn of grassland v-on The suweys wrnk&&ned to descnbe the tenestnal 

ecosystems wrthin ou 3, a n t @  the biota and habmts*pmm, &&r~her define the conceptua~ 

model of contaminant transport or uptake by koW A d  ab& mechanisms ThIS Survey wdl also 

x 
I) 

* 

The rnW qualitative survey mll uabng all Sampling sltes selected for 

quantnatnre sampling, includi reference areas The survey wll tnclude 

documng visual obse vegetatmn samples, tesbng terrestrial habltats 

vath field instruments to ntaminat~on and recording all obsemtions in field 

logbooks 

The qualme lanned in advance to prmde the f d l m q  informatton 

0 af all sampling srtes 

0 Documentation of similanties and dtt’ferences between the reference areas and on- 

srte samp~ing ~ocations 

0 Idenbfiaon collection, and inW inventory of plant and animal species 
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on recent biological actMties that may impede or increase thekmovement of soil- or water-borne 

contaminants will be noted In part~~ular, a visual survey wtll be madetfor prairie dogs ants and 

fossorial animals such as gopher which bnng large amounts of subsurface sol1 to the Surface where 

rt IS dtstnbuted by wnd Obsenmons wll also be made for badgers and foxes which excavate 

dens or dg in search of prey All areas of OU 3 wll then be systematdly surveyed for amounts 

and kmds of sol1 and subsoil disturbances by animal actMty An i n t e r n  study of these acbvitm 
wll be performed in selected areas dunng the quantltatnre sampling program, f warranted 

The sdect~on of species or ecosystem components to be collected for quantrtattve sampitng or 
tissue collectton wll be venfied Based on information from other operable unm and DOE reports, 

wetland plant communitres that have developed around springs and seeps downgradlent of the 

source areas may be sensltnre indicators of contaminant rmgmmwa the groundwater pathway, or 
may accumulate contaminants by physl~al proasses W& plant communmes are known to 

fitter and accumulate contaminants such as hea~y metals *and areas present at ou 3 wn 
A”.& component that msly 

accumulate contaminants are snow accumulatron 

Quaiitawe surveys for mammals, tnrds, an 
walkmg the area on preselected routes 

dawn and dusk Records wll be kept of 

condltm, hahat, and acbvibes 

nests WIN tie recorded 

plant species to record su 

examined for emience of contaminant a c c u d n s .  
n k.5 

ucted by systemdly dnvmg and 

Bird sufveys wll be conducted at 

features obsenred such as numbers, 

& animak or brds lndudlng b u m  scat, and 

pnor to the qualmme surveys of animal and 

m e  results af for temestnal BCOSyStemS will be fnduded m the 

Emronmental Eval speak condltrons ofthe grassland and wetland BCOSyStemS 

wll be dscussed as exposure pathways Obvious indlcators of stre% related to 

contammnatm including ical conditions such as necrosss, chlorosis, and stunbng of 
vegetatmn mll be descnbed Other indtcators are the dnrerslty and abundance of specres in 

mpacted areas Revlslons m the quantnawe sampling plan may result from the q u a l w e  survey 

636.2.2 Reference Areas The use of reference areas IS a potemal method of comparing 

impacted and nonimpacted areas as discussed in SubsectKm 8 27 Reference areas for 

appropnate terrestnal eCOSyStems wll be selected dunng the qualrtatlve survey These areas wll 

generally be u p n d  of and upgradtent from the RFP to amd contaminatm. The number of 
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Field sampling operations for measuring bioammulation and Conducting comparatnre ecdogical 
studies in selected speaes are described in the following subsect~ons The field procedures wll be 

carefully integrated wnh similar ecological assessment field studies at OU 6 (Walnut Creek) OU 5 

(woman Creek) OU2 (903Pad Mound and East Trenches) and wRh routine mOnItOnng 

conducted by the EMAD Selection of sampling locattons will be coordinated other RFVRI 
sampling, specfically for surface water sediment, and surfictal soil sampling locations The 
planning and preparation for field sampling at OU 3 wll indude development of sample and waste 

management protocols that are integrated Hnth, and in conformance wRh, sample and waste 

management procedures and qualrty assurance/quaIrty control (WQC) requirements for the 

Emnment Restoratmn (ER) Program (EG&G, 1991b) 

The field sampling program for terrestrial communnies IS directedhat sampling grassland Vegetation 

and soil types, wetlands, and small mammal popuktions, at/&ted locations on OU 3 The area 

Whin OU 3 has a dlverse pattern of residentral development&~hure and seml-natural terrestd 

ecosystems The vegetation, sol1 types and associated ‘animals &I& these land uses and recent 

and repeated surface disturbances. The s t a t i o n h e d b r  terrestrial sampling have not been 

located although the sampling program IS sum*W$&le 6-8 The -on locawins and the 
&-on ent wth the results of the Spnng 

pling bcat~ons for associated tasks 

or thls reason a map of the locatam IS 

not posstble unt~l soil samplr Subsectmn6.2.12) Areference 

area or areas selected for I be sampled for similar components and 

Parama- 

5 

w 

V b  
% *  

the vegemon types to be 

munaes at the reference and sample areas wll be 

cover, and productwty uslng Standardued procedures. 

These parameters g ion of the structure and funchon of dryland vegetatm Soil 

types will be denttfied in the vegetation sampling areas using procedures in SOP 

No 512 sol1 mapping mll comnbute to assessing vegetatronal patterns, erosm potental, and 

contaminant transport. Plant species grmng on the OU 3 wll be noted and collected for Wsue 

analysis Shrub and woodland types of a suffictent size wll be sampled mng linear transeas or a 

countrng method for numbers and slzes of plants The sampling protocol mll follow Section 5 10 in 
the Ecology SOP (EG&G 1991 b) 
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The specific locat~ons for sampling grassland vegetation will be'determined during the qualitatwe 

SUtveyS and will correspond where appropnate, with the soil sampling and soil mapping locations 

(see Table 6-8 and Figure 6-3) The specific saes will be located to represent the grassland type in 

the vlcinlty of the location selected and will be marked by stakes for later quantrtabve sampling 

Within the sampling area, transects for vegetatwe cover and clipping plots for productnrdy wll be 

located dose to the sod sampling points. Quadrant locations may be rejected for being disturbed or 

not rep~esentatfve of the vegetation in the area. A secondary method for sampling sufficient 

quanbtes of plant rnatenal to measure plutonium uptake or foliar deposmon ts to mow an area of 

sufficient see to collect up to 5 kilograms of mated If located dunng the quafitabve Surveys, 

vegetahon will be sampled from sites that are knawn to accumulate snow, and that may have higher 

levels of contaminants from physd This vegetation will be sampled using the same 

procedures as the grassland areas - < *  
,* 9 

. J *  
k 

Grassland mll be sampled dunng two pen& an early +%sample dunng late SpnngW 

Summer and a late season sample dunng the late summerF.early aut6m ','cool-weslther grasses and 

forbs wll be pnmanly sampled dunng4he4ih@ng period W- Qrasses 

and late-seasor~ forbs will be sampled dunng &b$d?kd sol1 mapplng wU be conducted 
dunng the first field -on effort 

- 9' A %  

\ 

for cover estimates, pn t  intercept 

~ f o r g r a s s i a n d s a n d  &?~rubbyandwoodyvegetabon Intheintercept 

-9 plant species mll hits and notes made on hght, 

~lonandphendogy 0 r plats wrll be clipped acccmhng to the current 

-sg-by andbaggedfordrywerghtandtisSWanalysls The 

cover and producbwty will be determined by a sample 

adequacy formula. uacy will be determined usmg a formula for adequacy and the 

level of accuracy d ures will follow Secbon 5 10 in the Ecdogy SOP (EG&G, 

The transects will be analyzed for species composition and cover, and the frequency and 

dommance (importance) values will be denved The sample clipped for producbvrty wiU be collected 

in bags, oven-dned to a constant weight ( 1 0 4 O C  for 24 hours) and w e ~ h e d  to the nearest 0 1 gram 

Additional samples mU be collected and analyzed for tissue concentratKxls of a standard Itst of 
inorganic chemicals and radionuclides The anatytcal parameters are listed in Subsection 6 3 The 

grassland quadrant sample will provide species composbon, cover, produchvlty dlversrty, and 
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charactenzed for location size and condition and sampled in late Summer for dominant species 

present Samples will be taken of major plant species for tissue analysis, me growng shoots WII 

be clipped and handled in the Same manner as the grassland samples The ecological endpoint Of 

the wetland sampling IS a determinabon of whether wetland plant tissues bioaccumulate 

contaminants in surface water from underground spnngs and seeps 

6 4  SAMPLEANALYSlS 

Ths section describes the sample handling procedures and analytical program for Samples 

collected dunng the OU3 RFI/RI This seaon discusses sample designations, mid 

requirements, sample containers and preservation and sample handling and documentabon. 

4 6 4 1 Sample Designabons x 

All sample designations generated for ths RFI/F?I wdl conform towe mput requirements of the 
RFEDS Each sample desgnatton wll COlffilln a nm@ar$ex sample number conssttng of a two- 

letter prefix & w i n g  the mi samples (such &+ ?*soil i; tmmgs, 'SS for aream sediments), 

a unique five-dign number, and a tw the contractor (such as, CH' for 

CH2M HILL) One sample number wll sample generated tnciudmg WQC 
samples. Inthlsmanne are available for each conmaor that 

contnbutes sample data to wll be reserved for the OU 3 RFURl 

sampling Bonng numbers ndently of the sample number for a given 

bonng Specific sample I ot assigned a! this time, pending the results of the 

P 
- 2 -  

- photograph ing information 

6 4 2  AnalyticalR 

Generally, all samples from dkhFl/RI wll be analyzed for plutonium 239/240 amenaum 241, and 

uranium 233/234 235 238 The surface water and sediment samples will also be analyzed for TCL 

volatiles and metals 

The specmc analytes in the groups listed above and their detection/quantnabon lima for water and 

for soivsediment are contained in Table 6-9 The spec& OU 3 analytical programs are comned in 
Table 6-1 0 Both filtered and unfiltered samples for the surface water and groundwater samples will 

be collected and analyzed for radionucltdes and for surface water TAL metals 
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z TABLE 6-9 

SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 
AND THEIR DETECTION LIMITS 

OPERABLE UNIT NO 3 
(Contmued) 

QUANTlTATlON LIMITS' 
Water ; SoiVSediment 

TARGET COMPOUNDS usi-vounm (Pm (vrng) 

Chloromethane 
Bromomethane 
Vinyl Chlonde 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Dmtfide *, % 

1,l-Dichloroethene 
1,l-D-e 
total 1.z-Dlchloroethene 
Chloroform 
12Dlchloroethane 
2-Butano~ 
1 ,1,1 -TnChdOrOethane 

I 

c 

s .. 

Carbon Tetrachloride 
Vinyl Acetate 
Bromodchloromethane 
1 1.2.2-Tetrachlo 

1,1,2 Tnchloroeth 
Benzene 
c1~-1,3-Dlchloropropene 
Bromoform 

4-Methyl-2-pentanone 
Tetrachloroethene 

2-Hm- 

10 
10 
10 

- 5  
IO" z 

.qL 
5 %  
5 '* 

5 
5 
5 

v 5  
10 
5 
5 
10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
5 

10 
10 
10 
10 
5 
10 
5 
5 
5 
5 
5 
5 
10 
5 
5 
10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
5 

Note ' Detecmn and quanbtabon lrmrts are highly matnx-dependent The limits lmed here are 
the minimum achievable under ideal condRions Actual limits may be hgher, however 
levels in OU 3 should be achrevabte 
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TABLE 6-9 

SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 
AND THEIR DETECTION LIMITS 

OPERABLE UNIT NO 3 
(Concluded) 

DETECTION LIMITS' 
Water 
(md9  

FIELD PARAMETERS 

PH 
Spec& Conductance 
Temperature 
Dlssohred Oxygen 
Barometric Pressure 

0 1 pH unit 
1 + 

I 

05 
v. 

Source (DOE, 1991~) 

I 

Note ' Detection and quantnahon lima are highly matm-dependerrt The limm isted here are 
the minimum achievable under KWI condmons Actual limns may be higher however 
levels in OU 3 should be achievable l 
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i 
TABLE 6-11 

SAMPLE CONTAINERS, SAMPLE PRESERVATIOb4, 
AND SAMPLE HOLDING TIMES FOR WATER SAMPLES 

OPERABLE UNIT NO 3 

1 

Parameter 
Holding 

Container Preservative Time 

UQUID-LOW TO MEDIUM CONCENTRATION SAMPLES 
Organic Compounds 
Purgeable Organics 2 x 4O-mL VOA VIAS vvlth Cool 4°C with HCI to 7 days 
W C S )  teflon-lined septum lids pHc2 14 days 

Extractable Organlcs 1 x 4-L ambee glass cool, 4 O C  7 days until 

PCBS 40 days after 

Inorganic Compounds 

(BNAs), Pesbades and battle 2 -on, 

extrachon 

ool, 180daysc 

14 days 

0-W 1 x 1-L polyethylene 

14 days 

Sulfide 7- 
sodium hydroxKk to 
pH>9, cod, 4°C 

Nitrate 48hours 

Total DIssofved Solids 48 hours 

Radionuclides Nnnc a d  pHc2 180 days 

e (Na&OJ in the presence of residual chlonne 
I of the parameters g m  

"Holding time for mercury IS 28 days 
dUse ascorb~c a d  only d the sample contains residual chlonne Test a drop of sample wrth 
potasslum dine-starch test paper; a blue color indicates need for treatment Add ascorbc 
actd, a few uystals at a time, uml a drop sample produces no cdor on the indicator paper 
Then add an addrtronal0 6g of ascorbtc acld for each L of sample volume 

Source (DOE 1991~) and (EPA 1987') 
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TABLE 612 

SAMPLE CONTAINERS, SAMPLE PRESERVATION, 
AND SAMPLE HOLDING TIMES FOR SOIL SAMPLES 

OPERABLE UNIT NO 3 

Holding 
Parameter Container Presetvative Time 

SOIL OR SEDIMENT SAMPLESLOW TO MEDIUM CONCENTRATION 

Organic Compounds 

Purgeable Organlcs 1 x4-ozwde-mouth cool, 4°C 
Won lined glass vlals 9 . .  (vocs) /r 

s 
;.’ 

2 

x *\-*- 
Inorganic Compounds ~ -& 

Cyanide 

sutfide 

14 days 

-- 
cod, 4°C 

Nitrate 

Radionudides 

=days 

48 hours 

45 dsrys 



6 5 FIELD QC PROCEDURES i 

a 



k TABLE 613 
FIELD QC SAMPLE FREQUENCY 

OPERABLE UNIT NO 3 

Media 
Sample Type Type of Analysis solids LiqUlds 

Duplicates Organics 
Inorganics 
Radionuclides 

lnorganlcs 
Radionuclides 

organics 

1/10 1/10 
1/10 1/10 
1/10 1/10 
NA NA 
NA 1/20 
NA 1EQ 

Equipment Blanks Organics Q 1/20 1/20 
Inorganics 3 -  1/20 1/20 

s. 1/20 1/20 
(RISeates) 

F Radionuclides 
Tnp Blanks NR 1/20 

* *\ -x”PNR NR 
NR 

’% 
Organics (Voiatiles) 
lnorganics 
Radionuclides *NR 
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71 OVERVIEW 

7 1 1 Regulatory Bass 

t 
70 

HUMAN HEALTH RISK ASSESSMENT PLAN 

Seaton 300430(d) of the - lattonal Contingency Plan (Federal Register March 8 1990 p 8709) 

states that as part of the remedtal investigaon, a Human Heatth Rlsk Assessment IS to be 

conducted to detemune whether contaminants of concern identified at the stte pose a cumnt or 

potentral nsk to human health and the envtronrnent in the abse&of remedial actton Thts sBctK)n 

describes the Human Health Rsk Assessment components,mWding the follmng 
8 

** 

"., 
II 

z 
0 a 

-4 
Contaminant descnptton 

Exposureassessment ,'A, 

** Y 
0 J 

0 v.* P 

0 Rtsk charactenzamn 

0 Uncemnty analysts 

Tomcny- k ** 

Figure 7-1 lllustrates Assessmentprocessandcomponents The 

Human Health RIsk mfy and assess potenttal human health mks 

resulting from exposwe to s nt in vanous environmental media The Human 

H e a h  Risk Assess both radiological and nonradiologlcal contam~nant~ 
€PA and DOE req for the radiological p o m n  of the assessment The 

Human Health Ris rate the two-phase analyss which includes 

0 hed by the ICRP and adopted by EPA used to esttmate the 

radiation dose equtvalent to humans from potential exposure to radtonudldes 

through all pertinent exposure pathays 

0 Estimates of health risk, based on the age-averaged ltfettme excess cancer 

incidence per untt intake (and per untt external exposure) for radionuclides of 

concern 

RFVFl Work Plan for OU 3 
Rocscy F W  Plant, Golden Cdorado 
DENlFLATSIOlplSSl 

Final Draft Work Plan 

Page71 
~ ~ b 3  1991n2~o~oon ! 



t 

Oats Collection and Evaluation - 

I '  

J 



Human Health Rsk Assessment results will be used to determin3 rf remedial actions are warranted 

at OU 3 and rf so, the associated cleanup levels necessary to protect hlJinan health 
0 

A number of guidance and informatton documents w~ll be used to prmde direction for de+fwPW 

the Human Heatth R s k  Assessment These indude 

0 Rlsk Assessment Gu~dance for Superfund, Human Health Evaluahon Manual 

Volume 1 (Part A) lntenm Final 1989 EPN540/1-89/002 (EPA, 1989c) including 

OSWER Directive 9285643 Human Health Evaluation Supplemental Gudance 

Standard Default Exposure Factors’ 

0 Guidance for Data Usabil~y in Risk Asse&nent. lntenm Final 1990 

EPA/54O/G90/008 (EPA, 199Ob) *? ?s 

*A%a* 

0 Superfund Exposure Assessment M&* 1988 EFW40/1-88/001 @PA, 1988b) 
j -  g+?., 

2” ;a $ 6 

Procedures establl~hed by the I & ~ W  Commsaon on ~ a d t ~ ~ o g i ~ ~  ~ r o t e c t ~ ~ l  0 ,. 
(ICRP) and adopted bv Report No 11 (EPA, 1988) 

0 DOEOrder54004 

0 Government Managtng the Process, 1983 

0 Couml d Radlatm Protection, lntematronal Councrl on 
ruted National Sclenbfic Committee on the Effects of 

In addmon to amiable national EPA guidance, supplemental Reglon Vlll nsk assessment gadance 

wll be used If appltcable 

7 1 2 Background-Prehminaty Human Health Risk Assessment 

Human heatth nsk assessments prepared to date include prelimmy assessments for IHSS 199 and 0 200 through 202 These assessments relied on existing data to qualnatwely descnbe the potemlal 





Only plutonium nsk was assessed based on soil concentration$ of 1, 10 and 100 pCVg These 

Concentratton values provide a range of nsks from 7 X 10 ' to 7 X 1 O4 (DOE 1991 a) 
0 

As indicated in Table 7-1 nsk incurred from exposure to plutonium-239 in a recreational e>qxrsure 

scenano at IHSS 199 before dunng, and after remedial actnrrbes would be below EPA's target range 

of acceptable nsk (i e, below 1 X 109 Residential use exposure cannot occur at IHSS 199 before 

or dunng the remedy actmes 

Table 7-1 Summarizes the hypathetical qualmwe nsk charactenzation denved from the g e m  nsk 

assessment The genenc nsk assessment IS based on a hypothetd mutipathway exposum 
scenano All expaswe pahways mlue plutonium-239 in sod as the source medla The f o l b n g  

two Scenarios and component pathways are considered +A, 
d 

lnctdental sol1 Ingemon 
Inhalaon of Dust 
IngesttonofLeafyVegetables 
I m o n  of Tuber Vegetables 
Ingestton of Beef T i  
Ingestion of Beef h e r  
Ingestton of Cow's Milk 

iments are the only contaminants of 

concern at IHSS 202-202 ncalreleases SomemeckaspeCmc 

analyses of plutonium and nt at the RFP, such as amenaum-241, have 

However only plutOnium was 

assessment and in the general nsk assesment, since 

radtonuclides of concern are stmilar (although sign- 

would be needed to quanWattvely address the risks of these 

nswe assessment of all contaminants of concern and of the- 
potential exposure pathways will be performed dunng the scheduled RFIFII actlvmes. 

The preliminary nsk assessment for IHSS 200-202 was based on hypothettcal plutonium 

concentrations in m a r  sediments and water under m u s  expcsure scenarios The added 

lrfetime excess cancer risk for all potentially exposed member of the public would range from 

7 x 10" to 7 x lo8 based on soil concemons of 0 01 0 1 1 and 10 pCdg (DOE, 1991a) 

I 

I 
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Data needs and DQOs were presented in Section 5 0 of ths dork plan Sechon 6 0 of ths work 

plan descnbed how the data needs identfied will be collected The data needs and FSP address 

the objectrves described in Subsection 5 1 4 and include charactenzing the nature and extent of 

contamination and the data collection necessary to assess the complete potential exposure 

pathays The data to be collected and I& use in the Human Health Rek Assessment include the 
following 

0 S-1 Data charactenzing vertical plutonium and ammum concentmom in 

undisturbed areas can be used to support dlscussrons of contaminant fate and 

transport. 

0 

0 

0 

S 2  Surface soli data will be used to estimate exposure and nsk through ingestton 

and, d necessary, emmate windborne pamblate concentrabons for subseqUem 

* -  

2 
% * 

inhalaton exposures a, 
x 

I "+ 

S 4  The sod and sediment data4 bulk densrty, and TOC Can be 

used to address contaminant 

0 

d fate and transport and &fie mlgratm pethways 

0 

mng sediments that may be potentrally exposed dunng low 

be used to support cf~iscusslons of contaminant fate and 

e nugmon pathways, in addm to est~mating exposure and nsk 

through incidental tngestlon dunng r e c r e a t d  uses uf the resesvm or to esbmate 

wndbome particulate concentrations for subsequent inhalatm exposures 

SW-1 Data charactemng radionuclides in surface water can be used to Support 

dlscusslons of contaminant fate and transport and offsite mgration paunnravS in 

addrtlon to estimat~ng exposure and nsk from ingestton or dermal contact wrth 

surface water 
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7 2 1 Data Collection 0 t 

e 

The objective of this task is to summarize all data available for use in the Human Health Rtsk 
Assessment in preparatlon of further data evaluation actmes This step, then identifies the 

hstoncal data relevant to performing the Human Health Risk Assessment assembles the R1 data, 

and establishes data formats to faalttate data evaluation Data attributes important to this step 

include the following information 

0 A site descnptton 

0 A sample design with sample locations 

An adybcal method and detection limn 0 

0 The results for each sample, including q u a l B e ~ " ~  

Sample quarmtatlon l ima and/or detmonJ&its~or nondetects 
0 *\.. 

sample documentatton (for example &kwf-ody and SOPS) 

0 

-a" 1 ** 
Field condmons 

0 
%.e 

Data laclang any of the above information 

deta~led evaluation and summary 

qualltabve use in the Human Health 0 RIskAssessment. Dataassoclated~~th will be camed forward for further 

7.2.2 DataEvaluation 

Hlstoncal and RFW data mll based on EPAs guidelines issued in Guidance 

A, i m b )  EPA ldemified the folmng data usablri 

ocumenmon for completeness 

0 Assessment of data sources for appropriateness and completeness 

Assessment of analytical methods and detection limns for appropnatmess 

0 Assessment of data validmon review 
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Assessment. If numerous TICS are reported and they appear reked to the RFP, they will be carried 
through the Human Health Risk Assessment only to the extent that they aid charactenzing human 

health nsk as needed for site decisions It IS anticipated that risks resulting from exposure to TICS 

will not be charactenzed because of the absence of specrfic contaminant identrty and avalable 

tomcological information 

7 2  3 Hazard ldentrfication 

The Objectnre of the hazard identmcation IS to identdy RFP-related contaminants present at OU 3 in 

concentrations high enough that may be of concern relatwe to human heakh conslderatKMs 

Prevlous OU 3 investigations identrfied Pu-239, Pu-240 and Am-241 whin OU 3 In addltron to 

these contaminants, others may be identlfied based on RI$m$ analytical results. Cntena for 

performing the ha~ard demficatm i-e but may not be& to 
,% \ -_  

.k 
e I ‘3,r 

Frequency of detectton x <  

0 Enwonmental medla concentmlosrs @Idbackground concentrations 
\ b-42 ; 

0 T~~,mo~lrty,andperststence 4 
0 Contaminant can be attnb 

Depending on the number o f  med, one of two things wll happen 

1 ants are Idefitified, all of them wll be carried 

e contaminants responsible for dominant risks at 

ntributing lower nsk, wll be idenbfied 

2 site-related contaminants are dentdid, contam~nants of 

ed and camed through the nsk assessment to charademe 

Contamtnantsofconcemwlll be 

selected based on the follmng tasks 

e Evaluating site hstoncal information conslderation as site-speCmc, waste- 

amity related compounds 

e Evaluating contaminant toxicities 

Find Draft Work Plan 
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0 ldentrfy potentially exposed populations and thebynamics of their exposure 

Identify uncertanties associated wdh the exposure assessment that impact the rtsk 

characterization 

k 

0 

Exposure is defined as the contact of an organism wlth a contaminant or physical agent The 

magnitude of exposure IS determined by measuring or esbmabng the amount of a contaminant 
available at the exchange boundanes (that IS the lungs, tntestines, and skin) When contaminants 

migrate from the site to an exposure point (a location where receptors can come into contact with 

contaminants) or when a receptor directly contacts contaminated medta, exposure can occur 

x 

s . .  

$ 
7 3 1 Conceptual Site Model 

The conceptual site models developed for OU 3 (Figur&&i-4?-9) will be used to evaluate 

pnmary and secondary contaminant sources and releas&, and pot- receptors and associated 

exposures. The model helps to characterize the ng relawe to contaminant fate and 
transport through exposed -Pt revised based on RFVRl data 

collected for the OU to tncorporate new i 

2” .+, 
v %  

-% 

v 

contaminant fate and transport mechansms 

g to groundwater and subsequent tmsport soil 

fate and transport. Factors affecttng the probability a 

These could include soil 

entrainment and surface runoff that transports surface sol1 dawnslope 

e not limlted to 

0 Partition coefficients 

0 Vapor pressure 

0 Henry s Law constant 

0 Half-l~fe or degradation 

0 Bloconcentratton factors 
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bas~c factors are used to estlmate intake exposure frequency, bcposure duration, contact rate, 

chemical concentrations body weight and averaging time These factors are based on the types of 
exposure for example residential or occupational ingestion or inhalation 

The RMinE and RMaxE and average exposure point concentratrons are used in conjunctron WRh 

receptor acmy patterns to eshmate contaminant intake for each exposure route as appropnate 

EPA guidance such as Rsk Assessment Guidance for Superfund VdumeI Human Health 

E v a l m  Manual Supplemental Guidance, 'Standard Default Exposure Factors' lntenm Final, 

March 25,1991 (EPA, 198%) wll be consulted in developing bounding case exposure parameters 

to support an unhased exposure assessment Ais0 the averagmg time for carcinogens and 

noncarcinogens differ 

Other standard contaminant intake rates established by EPA 

the fdlmng 

* 
i * * *  

II be used, i appropnate, Include 

'% s, 
, , A  

x id 

0 Sal ingesbon rates for children ages 

Soil ingestion rates for all others (w 0 dents greater than 6 years d age) 
0 Inhalaton rates based on 

Contaminant intake rates can also be 

exposure (ingest~on, inhalation 
exposures Of the three routes of 

greatest uncert;unty IS assoclilded wnh dermal 

Depending on the 

eJ<poswem= 

andacposum 
and dermal contact 

nement of the conceptual sae model, nontradrtronal 

Human Health Rfsk Assessmem, include fish ingeshon 

al uses of the resewars (contact wRh sediments, ingestion 

er) and the nearly open spaces (hiking bcycling) 

Other nontradmonal exposure routes may be identified by mng land use data for the OU 3 area. 
These include exposure scenanos related to agricultural land uses and neartry open space land 

uses within the OU 3 area 

Two future use exposure scenanos to be consdered include 

0 A light industrial setting (warehouse-type opemons) 
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been venfied by the U S EPA work groups and IS considered’by U S EPA to be the preferred 

source of toxlctty information for chemicals Other sources such as ICRP and NCRP wll also be 

consulted 

Following IRIS, the most recently avalable Health Effects Assessment Summary Tables (HEAST), 
sued by the U S EPA’s Office of Research and Development, wdI be consuked to idem@ interim 

RfDs and slope factors for radionuclides 

In addmn to identifying appropriate toxicity values, thls seaon of the Human Health Risk 

Assessment will p m d e  brief toxlcrty profiles based on recent, publlshed Irterature for each 
contaminant evaluated in the Human Heatth Risk Assessment These profiles will descnbe the 
acute, chronic and caranogenic health effects associated withsite-related contaminants idenbfied 

in OU 3 Acute and chronic exposure to site-related radionu4&desyll be discussed, but most d the 
information presented will deal with the c a r c ~ n o g e ~ & ~ ~ ~ ~ ~  by the sfie-specific 

w h 

radlonudldes c 4 k. &< 
I 

% 

The toxtaly assessment section will include a The numbers and kinds 

impact the nsk 

e toxlclty values and their denvaxlon 

These could indude but may not be or the lack of toxicity values for 

limited to the following 

cntical towcity values (such as cancer slope 

entlai risk cannot be quantrfied for these constauents 

om derived from the upper 95th percent confidence lirmt IS 

Carcinogen sbpe factors assume no 

threshold for effects, d thresholds do e x a  the true mks could be zero at sulfictently 

low doses 

overestimatm of nsk 

0 Crit~cal toxfcrty values denvation include but may not be limited to the folbwng 

- Extrapolating toxicrty values from high experimental does to low doses for 

environmental exposures 
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based on ldentmcation of target-tisues and like impacts to provlUe a hazard index, and lf the index 

exceeds one a potential for hem nsk IS suggested 1 

The potem for carcinogenic effects for nonradiological contaminants wtll be esbmated by 

calculattng excess Iifebme cancer nsks from the llfetime average exposure and cancer slope factor 

IRIS slope factors for radionuclides of concern will be used to -mate r a d m l o g d  nsks from 

exposure for up to four pathways inhalatm, ingestion, ar icnmerslon, and ground-surface 
irdmtion Calculabons mil be performed according to gudance provided by EPA (1989c) The 

Sum of the nsks from all radlonuciides and pathways ylelds the lifetime nsk from the overall 

exposure Rsks wlll be combmed as appropriate, taking into conslderatm the plauslbillty of 
muibple exposures 

The Human Health Rsk Assessment will present the chkical and radiological nsk eskmades 

separately wnh discusston on the addaMty potential for thesek* - 

Both noncancer and cancer nsks wll be e s h ~ - @  using RMinE and RMaxE comkned Wnh 

exposure assurnptrons. w a ~ l o w ~  n ~ k  ranges taw w e r e d  rather than a single d u e  and 

moreciosetyconstderstheumrq in a d d i i ,  nsks may be 

added across exposure routes d condm 

x 
% 

a^ 

% 
u 

<J 
"1 

\I@,, f 

4- - 

Not all contaminants idem 

q- estimates of nsk 
assoclatedwnhexpos 

values thereby Iimmng the ab~llty to develop 

toxiclty dues canna be identmed, potential risks 

nts wll be dealt Hllth qualltatnrely 

7 6  UNCERTAINTI , AND ASSUMPTIONS 

The numbers and kinds mes identified in the Human Health Rsk Assessment directly 

impact the interpremon of esbmated nsks developed in this s e a ~ ~ l  Quanmatnre nsk estimates 

denved m nsk assessmens are condrtKKlal est~mates that rnclude numerous assummns about 
exposures and toxlclty Uncerta~nty is introduced from a vanety of sources including but not limited 

to, the following sources 

0 sampling and analysis 

0 Exposure Wmatmn 
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ENVIRONMENTAL EVALUATION WORK PLAN 

8 1 INTRODUCTION 

Thls Enwonmental Evaluation Work Plan ( E M )  for OU3 prbwdes a detaled approach to 

determining ecological nsks specfically to offsne areas The plan develops the major steps in an 

emronmental evaluation methodology and detals the sequence of tasks for performing the 

ecological nsk assessment or emronmental evaluation (EE) The EEWP prescribes how potential 

impacts or nsks to the environment from exsting OU 3 condnions will be evaluated using both botic 

and abiot~c data collected dunng the RFIRI process and d+&lected dunng the field sampling 

effort (secclon 6) The EE IS conducted as part of the’-FS@I process to determine f the 

contaminants of concern pose a current or potentml nsk to thhwmment specfically to the biota 
?\ 

present in OU 3, in the absence of remedial action 4 x >  

pc *> 9**2 
./,8 

The EE wll ldenbfy and characterne the levels of l&+rdous substances present, thar toxmtes, the 

fate and trans al enwonmental exposure and 

consequences to plants and animals It wil enwonmental impacts associated 

wrth OU 3 under the .no-actio 

determined in a quantnatlve ere p&ible, and a qualmwe perspective where a 
quantification of the imp 

needed to evaluate remedial h e  mitigation of emronmental nsks. This E M  used 
informat~on developed 3 the Final Past Remedy Report on IHSS 199 (DOE 

1991a) and the 

t *, 

The information in these nts (DOE 1991 a, 1991 b) and the RFP monltonng data indicate 

that the man contaminant of concern IS plutonium that onginated as windborne particulates from 

the 903 pad, and from actMtles at RFP during the penod of the 1950 s and 1960 s (Subsemon 6 2) 
The concentrations of plutonium have been measured in previous studtes (Subsection 21 4) for 

soils, but the results vary wdely Contamination has also been measured in the IHSS 199 lawsult 

acreage, and in the reservoir and drainage sediments Most of these studies have focused on 

plutonium and other radionuclides, and very few data exist for other contaminants Although these 

resutts are inconcluswe for definrte contaminant concentrations, the concentrations of plutonium 
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8 1 1 Purpose and Objectnres a 
t 

The overall purpose of the OU 3 EE IS to perform a qualfiative and where possible, a quantrtatlve 

evaluation of actual or mental threats of damage to the environment, including protected wildllfe 

and vegetation species, habrtats, and exposed ecosystems offsrte of the RFP This purpose IS 

consstent wah the mandates of CERCIA/SARA and the IAG The IAG states in Part 3 that one of 
its purposes IS to ensure that an appropnate response action is taken and completed as necessary 

to protect the public health, welfare, and the environment.’ The purpose of the EEWP IS to establish 

a sclentlfically credible procedure to be followed and implemented dunng the performance of the 

EE 

The EE wtll p m d e  decsionmakers wtth the information required to determine nsks to the 
~ W i f 0 n m e n t ~ O U 3 ~ ~ p ~ ~ ,  andanesbma€eo€nsksmZheabsenceofremedral 

acbon on offsne areas It wll also be used along Hntt$tbekumaa Health Rlsk Assessment, to 

determine whether or not &fie mntaminmon requ&faddrtlonat%.emedial acbon. The €E wll 

examine exstmg data and supprement thls I~~OIJT&CWI + >  &h addmml stud~es and samphng as 
necessary (SubsectKK16 3 6) It wll also prowde?&$%& for assessing the patental effects of 

mandated remedlatKHI (Subsectron 21 2) can suggest future strategies for 
monrtonng the effechveness of any re pllshed in offslte areas. 

-” 

the remedlal altematnres on the emronm IHSS 199, the effects of the cOUR- 

-2 * 
The EE for OU 3 has muthple ?%by+$dto determine the fd lmng 

-* w 

0 enstics of the areas wtthin OU 3 

0 inants of concern for the environment 
0 concentrations of these contaminants in the environment 
0 re of ecological populatm to contaminants 
0 affected and populalons potentially exposed to contaminants 
0 Actual or potential ecological effects and the overall nature of the nsk 

8 1 2 General Approach 

The Enwonmental Evaluatron pmdes a general framework for ecological assessment as a process 

for analyzing the likelihood that an adverse effect will occur or has occurred the magnitude and 0 intenstty of the adverse effect, and rts spattal and temporal distnbution The basic steps in a 

I 
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Data Collection and Analysis 

Gather and analyze relevant slte data 

Menttfy potential chemicals of concern 

Menttfy target species and crttlcal habttats 

Exposure Assessment 
Analyze contaminant release processes 

- ldenttfy exposed populations 

ldentdy potential exposure pathways 
and routes 

Estimate exposure point concentratms 
for pathways 

Estimate contaminant intakes for pathways 

ldentdy appropnate ecological endpoints 

L 

1 
1 Toxicity Assessment 

Eqlu&e qualltative weght of evidence that 
.ch~tcakcause adverse effects in plants 
and antmafs 

evrdence and determine 
for target species 

logical impacts to occur 

sure or intake to acceptable 

results of cornparatwe ecological 
blomarker studies and toxiaty 

Evaluate uncertatnty 

Summanze mk informabon 

J 

Figure 8-1 
MAJOR STEPS IN DEVELOPING AN 
ECOLOGICAL RISK ASSESSMENT 

1 
I 

i 
! 



k 
TABLE 8-1 

EXAMPLE U S. ENVlRONMENTAl 
AND U S DEPARTMENT OF ENERGY GUIOAWCE 

AND REFEREWCES FOR FlEto I"lGut#)MS 
AND ENVIRONMENTAL EVALUATIONS 

BamttKwse,LW,Suter,GW,Barteil,S M,Beauchamp,J J,Oardenet,RH cinder,E,O'Nsill. 
R V ,  and Rosen, AE,  1986, %bets Manwl fw EcotogW Risk- Envlror#nental 
sclencesD~lslon,P- - No2679,ORNL-6251 
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L premling wnds, and surface and groundwater flows (see Figure 2-1) The information developed 

for the EEs at OUs 2 5, and 6 will be coordinated with data collected at OU 3 0 
8 1 3 Scope of the Environmental Evaluation Work Plan 

1 

The pnncipal focus of thls EEWP is on the basic methodology and implementation for performing an 

ecological assessment as descnbed in Subsection 8 2  The methodology has been developed 

based on the present evaluatlon of the data and information avalable and assembled in the 

synthess of historical information (DOE 1991a, 1991b) The ecological aseSsment process 
prescribed has been used at other sites and in other situat~ons and is generally accepted by the 

scientmc communty 
+. 

*- 

The b a s ~ ~  components in the EE methodology described in&eEWP are the fd lmng 

e 

0 Data evaluabon and field inveshgatrons to develdp a data base adequate for 

charactemng the slte and contahnants a? OU 3 and assessing the potentral 

effects on the plant and animal popukt&$ in the area 
-" 

% *  

0 Site charactenzamn, indu of plant and animal cornmumties wnhin 

chemical charactermcs Qovemmg the 

0 selection of contaminants of concern, dmbfkamn 

evaluation of fate and transport of contammnants, and 

osure pathways and contaminant intake processes 

0 including estimating exposure and intake of contaminants to 

le doses or toxicrty reference values, and measunng ecological 

endpoints' to determine btotic responses to contaminants 

0 Determine ecological consequences using comparatnre ecological studies and 

bioammulation studies 

0 Rsk charactemaon, to estimate the potential occurrence of adverse ecological 

effects, and evaluate the uncertainties associated wlth the estimates 
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t 

e Task 7-Ecological Consequences (Subsectton 8 2 7) 

Task &Risk Characterlzatton (Subsection 8 2 8) 

Task +Environmental Evaluation Report (Subsection 8 2 9) 

I 
e 

The first three tasks can be conducted simuttaneously and based on this information tas..s 4 to 6 

can be revised or addbonal work scoped Tasks 2 and 4 must, by necesstty be conducted at the 

appropnate season, and must have the methodology and protocdl already established Tasks 7 

and 8 are a synthess of the preceding tasks that require them to be completed pnor to determining 

consequences and charactemng risks Task4 the srte-specdic field investigations, will be 

conducted at the same time and coordinated wRh the water soils and sediments studies of the 

general RFlml work as presented in the field sampling plan gwen in Section 6 

8 2.1 Task l-Data Evaluation 
c 

The exlsting physical and chemical data and information for site charactematton pertatning to OU 3, 

as well as the extent and dtstnbwn of contaminants in th&mmediate wctnny, are evaluated and 
4%. 

Sumamed in two recent DOE reports the Fin&J%st#iemedy Report (DOE 1991a) and the 
Hstoncal Infommon Summary and Prelimiw.+h kshsessrnent  (DOE 1991 b) These two 
reports Summanze several previous studi&&Eea& east of RFP and include a qualnatlve 

human heatth nsk assessment for the four Itk$S&*rd%A These pnor investigahons specifically 

targeted offsite contamination leases from RFP, pnmanly plutonium and Its 

degradatlon product, amen ed in these reports data on other types of 

contaminants are limited, an ier reports generally do not meet current quality 

control standards to s atwe health risk assessment These documents do 
not drscuss environ ave not presented or summartzed the information available on 

biotic studies or te 

\" 

1 " /  

A number of other reports data resources will be reviewed for general and data-specrfic 

informat~xl for the ecological nsk assessment These include reports by federal, state and county 
agencs studs by local unwerstties that are currently being or have been conducted for DOE, 

and ongoing programs at Standley Lake such as the limnological study by USGS and studies/ 

sampling for the Standley Lake Dwemon Canal The collection and review of the exlsting data base 

on terrestnal and aquattc ecosystems wetlands and flood plans threatened and endangered 

species soils and other topics will in rtself be a signficant task It will guide how each of the 
subsequent tasks are to be conducted The information and data rewewed wlll be systemabcally 
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groundwater, soils, and ar qualrty (see Section 6 0 of this do&ument) Prevlous environmental 

studies should provide the general ecological informatron However sqe-specrf~c ecological data 

and estimates of contaminant transfer whin the OU 3 area are addrtional investigations to be 

conducted during the field investrgations 

The following sources will be used to acquire general information and srte speclfic data this 

information wll be tncorporated into the data base established for the site 

Project and data files maintained by Rockwell International and EG&G, including but 

not limtted to the background (geochemical) charactenistion studies and the annual 

enwonmental suweillance program reports including offste areas 

e Studies on radionuclide uptake retentton, and effects on f&mt and animal 

populations conducted by the Univemty of Col&a&and Colorado State University 

e 

on the RFP and on OU 3 

The Rocky Flats Emronmental I m M  Stqpment data base 

,, 

% 
P -  *; 9% f 

f*\ ~ ’1% 
Sampling resutts from on&jif$pE@%’~~*&ns at Operable Unlts 1,Z 5 and 6 

those proposed here for OU 3 

decological and risk assessment reports at the 
Ridge National Laboratory Los Alamos National 

nal Laboratory, and the Nevada Test Stte 

This data rew I culminate in a working document that will summanze the 

cumulative inventones na in the OU 3 area, present preliminary exposure pathways 

to the blologlcal receptors, sensRive populaons The existing files on threatened and 

endangered species will be summanzed and contacts will be made wrth the U S Fish and Wildllfe 

Semce, Colorado Division of Wildllfe and the Natural Areas Inventory Program to update files d 

needed The working document will be used to communicate to DOE the principal data gaps that 

exst relative to the ecological nsk assessment. m e  contaminants of concern and target species for 

the EE are proposed in this E M ,  but these groups will be reevaluated using the additional 

information acquired in Tasks 1 and 2 a 

I 
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Details of field obsewations will be recorded in field logbooks Subsection 6 3 speCmes details on 

the quantltatlve investigations t 

The qualitative field surveys will also be used to identrfy and map cntical h a b m  search for 

threatened and endangered species map major praine dog colonies confirm the presence and 

drstnbution of key species assst in exposure pathways development, select reference (control) 

sampling locattons and fine-tune the quantitatrve sampling program 

8 2 3 Task 3-Sde Characterization 

The areas wnhin OU 3 outside the RFP boundary wll be descnbed in terms of stte charactenstics 

that influence contaminant transport, exposure and uptake S_wroundmg land features that control 

pathways to the local ecosystems will also be charactenzed p e  slte physical features that are 

important for the E€ are general topography and s u & w & e ,  gradients of drainage wnd 

and weather patterns, geology, sediment, soils and subsrate cond&ms,and groundwater Current 

land use and future development are also important @th K & ~ U  to the source matenals deposited 

on sods and in sediments and thew potential for raw aqd transport. Conceptual sae models for 

the slte ecokgical factors and ecosystems-ry k?&mework for conducting and evaluating 

informatnn wll be developed dunng ths & l 6 ~ ~ m o d e k  wll define the components and 

prooesses important for the ecoiogical nsk assessmrmt 

The W c  and &OW com ecosystems will be descnbed and analyzed to 

assst in determining the im nh the presence of contaminants. Thls process 

includes charactem factors or abiotic components in the area (see 

Subsectron 8 23 1) e biological populations that are at nsk (see 
Subsection 8 2 3  2) 

8 2.3 1 Site Factors 

< 

- 2  B X  

,- 

k w 3  .# 

%we 

A. % 8 -w++ 

Offsite areas wll be charactenzed in detail for topography and other site parameters based on 

informahon from the previous studies and information developed dunng this RFlml Information on 

the physical propemes of the sol1 and sediments and the soil types mhin OU 3 will be collected to 

determine the potenbal for contaminant release and migration (refer to Data Needs S-2, S 3  and 

SED-1 in Table 5-1 and Table 6-1) The airborne pathway has been determined as a sgnrficant 

potential for re-entrarnment of plutonium in soils and exposed Sediments (Data Need SED3 in 
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ponds and canals that have been constructed wtthin the drarhages for runoff control and water 

retention purposes The emsystems present wahin OU 3 will be inventoried and descnbed (refer to 

Data Needs B 1 through B-6 and AQ-1 through AQ-6 in Table 5-1) 

0 

The terreStnal portton of OU 3 IS in IHSS 199 designated as Contaminatton of Land Surfaces There 

are no natural preserves, although some areas are now being mamned as open space by 

Jefferson County and the Ctty of Broomfield Praine dog populattons are expanding affechng large 

areas of vegetation and are making revegetation of remediated areas dtfficult. Standley Lake Great 

Western Reservoir, Mower Reservoir (IHSS 200 to 202), and Woman and Walnut Creeks that flow off 
the RFP are the pnncipal aquatic ecosystems Canals and dlversion ditches wtthin OU 3 are also 

part of the aquat~c ecosystems 

The OU 3 area wll be charactemed using current surface andsubstrate condmons, cRing drainages 

and bodes of water, and noting plant and animal specres4t1a-t h&e persisted or reinvaded the area. 
In the dlverse areas around RFP, the ecosystem charactentation process will indude inventorying 

and charactenung the temestnal and aquatic biot+&scmb& the habitats that support the growth 

and e)astence of these bmta, and definmg the gen&fl&pf -c, ,. nutrients and energy through the food 

webs Types and amounts of dlshrrbance nd their effects on local vegetabon, 

animals, and aquat~~ ecosystems determin r operable unm at RFP, the affsrte 

areas have three reservoirs that are used as &o niapal dnnkfng water or irngabon water 

I 

* 2  

Standley Lake IS also a heawly ionat a&. These reservoirs support populatnn~ of fish 

a 

-e 

Field investgations rts”;nll be used to determine which species of plants and 

animals make up t components of the OU 3 ecosystems (refer to Data Needs B-1 

through B-5 and AQ in Table 5-1) The pnmary objectwe wll be to measure the 

charactensttcs of major aqu mponents, vegetation communrnes and animal p o p u l m  in the 

area The amount, type reliabilrty, and currency of the data may vary according to species, ttme, 

and place The inventory of blotic species w/I be comprehenstve and based on extang reports 

plus field sampling and i m g a t m n s  Ceitan specres (target species) and populatms will be 

selected for detailed study based on cntena including but not limtted to the following 

0 Their value as habitat quallty indicators 

I 
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Table 8-2 

POTENTIAL TARGET SPECIES 
AND HABITATS FOR ASSESSMENT OF ECOLOGICAL IMPACTS 

AT RFP OPERABLE UNIT NO 3 

‘r 

CommunttyPopulation species/Organism 

Penphyton 

Benthic Macroinvertebrates 

FSh 

Herbnmres 

Camnrores 

Diatoms 
0 Greenalgae 

Blue-green algae 

0 Mayflies 
0 Caddlsflies 

Chironomids 

SGntish 
Mar- ‘i 

Bullhead 
a Walleye 
0 Smallmouth bass 

&,+ $hnnel catfish 
* *  

’% 
mice 

~ ~ ~ M c r o t m e s  

“p : ?\%, ‘“rs, K M r t h e r n  pocket gopher 

a P m ~ d o g  3 8L; 
* 

Z *  

$d 0 Long-tarledweasel 
Red fox 
Coyote 

Western wheatgrass 
Blue grama 

Yucca 

sumac 

GraSSeS 

ShrubsForbs Snowberry 

Trees 

Wetlands 
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0 
.f. 

Physical or chemical disturbances or destNaKln attributed to deanup or 
remediatm acthmes t 

0 Direct or indirect exposure to srte-rehted ContaminaCIts because of trarrsport from 
thesource 



t 

be contaminated by this route are folw surfaces of land vegetation and phytoplankton in the 

reservoirs both pnmary producers Pnmary consumers will be stlidied rf a link exists to 

contamination of primary producers Secondary and tertiary consumers and decomposers wll not 

be investigated dunng this study Large herblvores such as deer, will use the OU 3 site Only on an 

occasional basis They are not specfic to any one area and wll be studied on a regional baas on 

and in the mntty of RFP 

Food webs are interconnecting food chains Food webs more realistically describe the complex 

system of pathways by which the flow of energy and nutrients, and also contaminants, take place in 

nature A general discussion wll be included to explan how the selected food cham components 
interrelate Wh the aquatlc and terrestrial and below ground ecosystems found at or in the wanny of 

OU 3 P 

F- 
F *  

8 2 4  Task 4-Site-Speclfic Field lnvestigatlons ., P B 
. d  

An evaluation of the exmng data for 

1991a and 1991b), indcates that wmpl 

dunng the RFI/RI activities For the EE th 

le reports (DOE, 
that add&& data be Wllected 

0 Source characterization, incl , absence and concentration gradients 

(ret,eko Data Needs S-2 and 3 SED3, SW-1 and 2 in 

0 racterrzation, including contamvIsvIt release or 

transport, and receptor exposure mechanisms (refer to Data 

, SED 13, SWI and 2,B-1 to 6, AQ-1 to 6 in Table 5-1) 

0 the presence, absence, and distribution of receptors (refer to 

Data Needs B-1 to 6 AQ-1 to 6 in Table 5-1) 

Assessment of toxmty or stress on terrestrral and aquatic ecosystems present at 

the srte 

Additional data will be collected on the aquatic and terrestrial biota in order to develop an 0 understanding of the population dynamics wrthin these communities Specrfically, information wdl be 
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plants or a change in the relatwe abundance of species that are%ensftwe or insensitNe to cemn 

contaminants 

Therefore the site-specfic EE field investigations will incorporate a field sampling program to 

perfom the following 

0 Acquire srte-speclfic data needed to assess toxrcrty (to fill data gaps in the exlsting 

Irterature) 

0 Measure toxicrty directly in aquatrc organisms using water collected from the site 

0 Measure concentrattons of contaminants in a q k c  and terrestrial organisms for 

indicatrve of stress %+ % 

\ 
Measure indicators of stress (ecolggicab epdpoints) ustng comparabve ecology 

d 
bmcwrnulmon, and determine from ex~sting Iityrature If these concentrations are 

% >  

f, 

0 
I x . s *  

8 9 r , c  
. L =  studies 

- 1  

\ 
The general field programs for meaSunn %rid for the cornparatwe eoOrogy and 

bloaccurnulabon udy If the field invmgatms indicate 

, then programs will be set up for a 

subsequent study The field Ian to acquire data needed to complete a €E 
and assess toxlcrty IS in Se Because the slte-specfic field methods, 

sampling procedures, ues are so cntical to the scientmc credibilw of the E€, 
addltlonal detalls field methods are gwen Subsection 6 3 6 

to the guidance prmded in the Ecology SOP, and sampling 

protocol references I 81 the qualtty assurance health and safety, and sampltng 

protocols used at the RFP (EPA, 1989c 1989d 1989e), and the references cRed in Secbon 12 0 of 
ths document Evalmon techniques will include a cornpanson of concentratrons measured in 
environmental media and biotic samples aganst cntena, toxicity values, and bmccurnulahon factors 

found in literature Field studies wll also include measuring bioaccumulation and toxlcrty directly 

and conducting comparatwe ecological studies Each of these techntques contributes a different 

type of information to the evaluation Informahon from the ddferent techniques can be used to 

accumulate weight-of-ewdence to support conclusions 
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8 2.4 2 Cornparatwe Ecology Studies e L. 

L 

Ecological field sunreys invohng comparisons of impacted and nonimpacted areas are a definRive 

and quantrtatwe way of establshing that ecological impacts have occurred (refer to Data Needs B 4  
to 6, AQ4 to 6 in Table 5-1) However, care must be taken to account for ddferences in the 

physical and chemical aspects of the reference and test areas as well as natural vanations exhiMed 

by bmlogd populaons Ecological 'endpoints' wll be used to contaminant impacts To 

marntilln a valid companson, reference areas wrll be selected that (1) are on or in close pmximlty 

to the OU 3 area, (2) closely resemble OU 3 in terms of topography, soil COmpOSItiOn Water 

chemistry, and other parameters lwed in Ecdogy SOP No 5 13 and (3) have no apparent exposure 

pathways from the RFP or aher sources of contamination 

.,. munfiies (small mammals and COmparabve ecological studies wlI be directed at two terresMafmcom 

pmne vegetation) and three aqmc commurutres (penphytom, &%d\cLmacroinvertebrates, and fish) 

These communrbes are appropnate because 

2 
2 4 

> s  

x 

2 
w 

d 

a 
F" 'j P d 

x , s +  
0 There s exteme saentmc Ilterathe daw for interprebng results and making 

*e Y 

'b**. 
P 

0 The communities exst in im&$&f p d  nonimpacted areas 

0 been developed to measure the necessary 

roductMty and dwersrty 

0 completed at reasonaMe costs 

If sampling of contam1 water indicate whether other pathways are unpottant other 

terrestnal components such and soil microbes may be added 

Parameters such as relative abundance speces dwersw, communrty organrzatron biomass Or 

productlvlty, reproduction, and growth rates are quantrtatnre parameters that can be used to 

compare the populatrons or communmes at reference (nonimpacted) snes vath those in 

contaminated areas in or near OU 3 Reference areas and contaminated areas will be Carefur@ 

selected to minimlze the influence of chemical and physical differences 0 
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0 

0 

0 

0 

What are the significant routes of exposure at OL) 33 (Refer to Data Needs S-1 to 3, 

SED 1 to 2 SW-1 to 2 GW-1 A 1) t 

To what concentration of each contaminant are the receptor(s) actually or potentially 

exposed determined from sne data7 (Refer to Data Needs S 1 to 3, SED-1 to 2 

SW 1 to 2, GW-I, A 1) 

How often will the exposure take place and what is the duration of exposure7 

What subpopulations, age groups or Me stages are most susceptrble (determined 

from the literature) 

What seasonal and climatic vanaxlons are likelyq affect exposure3 (Refer to Data 

*. 

B 

Need A-1) 
?. 

\ 

What are the ate-speafic geophysrW, physical, and chemical conddons affecting 
% %. * 

 exposure^ (Refer to Data Needs a~o?3*SED-l to 2, SW-1 to 2, A-1) 

*k%\ 
8 2 5  1 Exposure Pathways 1% 

Exposure pathways w~ll be dev alnatwely descnbe how the contaminants of concern can 
be transported from their so eptors, and to determine I complete exposure 

pathwaysexst. Thecon ped for the srte wdl identffy potentral exposure 

pathways Acomplet five components All components must be present or 

exposure vvlll not 

1 m e  rce 

2 A mechanim?l& contaminant release 

3 An emronmental transport medium 

4 

5 

An exposure point (receptor l m o n )  

A route of exposure (such as ingestion and/or inhalation) 

The most probable exposure pathways to the biological receptors wnhin OU 3 wll be assessed and 

several pathways will be selected for detailed analysis Pathways will be developed for the five 

transport media ar soil groundwater, surface water and sediments These exposure pathways 

RFWl Work Plan for OU 3 
Rocky Flats Planf Golden Colorado 
OEN/FLATSQ/030 51 

Final Draft Work Plan 
July 3 1991l12 00 Noon 

Page 8-25 
J 



-- 

I 



In the case of terrestnal vegetation and aquatic organisms thd typcal approach for comparing 

actual intake to acceptable intake of ingested or inhaled contaminants is not very appropnate 

Since vegetation IS conttnuously exposed to contaminants in soil estimates of uptake are based on 

transport of contaminants from soil (and soil water) via the roots lncorporatron of airborne 

contaminants deposned on leaves and other aboveground plant tissues must ais0 be considered 

In the case of freshwater organisms the pnmary uptake mechanism for many Contaminants IS 

transfer of drssoived contaminants by absorption across the gill rpernbranes or the integument 

Aquatc animals can atso take in contaminants by ingesting contaminated prey and sedimmS, 

although these mechanisms are generally less important than direct uptake across gill membranes 

0 

Information denved from the exposure assessment will also be used to select sampling locations for 

toxlclty tests and to determine which loca tm might be best fy hpataslve ecology studies 

* 
8 2 6 Task 6-loxicity Assessment a 

n 

? *h 

The purpose of the toxlcRy itssessment IS to weiglM’heava@&e ewdence regarding the potenbal for 

the contamlnantsofconCem at OU 3 to cause an &.e+ect on thetargetspectes. The toxlclty 

1 

2 receptors in quest10n7 

3 ns influence the toxlclty of the contam1nant7 

4 m between the magnitude and frequency of the exposure and 

and/or seventy of the adverse effects7 

5 What are the uncertatmes involved in assessing toxicity? 

8 2 6  1 Tomclty Profile 

The toxlcrty profile wdl be developed pnmanly from existing scientmc literature and descnbes the 

adverse effects that the contaminant may have on vegetmon or terrestnal and aquatic animals Ths 

process mll also include descnbing what factors may influence the toxlcrty of the contaminant (for 
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highest concentration that causes no obsewable adverse effectiand the lowest concentration that 

produces a significantly dtfFerent response in the test and control populations 
0 

Similar experiments involving terrestrial animals are usually designed to determine what dose (intake 

per body weight per t~me) of a given contaminant will produce an adverse effect The results are 

frequently expressed as a LO, and the lowest chronic dose to elictt an obsenrable effect These 

toxicity values will be compared to the concentrations of contaminants at surface water exposure 

points (for aquatic organsms) or estimated intakes of contaminated prey or Vegetation (for 

terrestrial organisms) to assess the tomclty of contaminants at OU 3 In assessing toxicity based on 

expenments presented in the lrterature care must be taken to consider how the expenmental 

condttions differ from the conditions at the offsne area, and how these drfferences may affect 
toxlclty d 

Under the authorrty of the Clean Water Act EPA has develop&&eraI water quallty criteria for the 

protection of aquatic oqanlsms Numencal cntena f& m e  than Y2Oorganlc and mnorgamc 
contaminants have been publtshed in EPA s Quality’Critena for Water (EPA, 1986a) Ltkevase, water 

qmiw mtma for pramion of humans (and t e m A * & ~ )  have been devel~ped for sowc~s of 
dnnking water State regulatory agena cntena, as well as cntena from the 
Safe Dnnkmg Water Act, to estabish wat the protecbon of beneficial uses of 
state waters The EPA has al nt Au Quality Standards (NAAQSs) for a 
few k e y  air pollutants under the GI& k r  A C ~  standarcis for many more towc sur 

pollutants wrli be developed amendments of 1990 Other state and federal 
agencies have developed SOI n of agricultural lands or as goals for remediatm 

of hazardous waste sit d soil cntendstanclards will be used rf appropnate, as 
another set of toxl 

** \ 0 

potentlal toxlaty of OU 3 contaminants 

In summary the toxlcity will descrtbe the adverse effects associated with exposure to 

the contaminants at OU 3, ine the relationships between the magnRude of the exposures and 

their adverse effects and evaluate the uncemnties associated wrth the toxlcity assessment 

Pr- 

8 2 6 3  ToxicitvTests 

In some cases tt wll be easier to assess the potential toxicity of contaminants in soil and water at 

OU 3 by directly measunng toxiaty Toxicrty tests for a limited number of target species mll be 

I 
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scientmc literature to determine rf the exposed population is affded Both of these approaches are 0 referred to as comparattve ecology studies I 

The ecological consequences of contaminants at OU 3 may also be assessed by measunng the 

bioaccumulation of certain contaminants within the tissues of indMdUal organisms and comparing 

these levels wrth levels reported in the scientific literature Finally, the potenbal impact of some 

contaminants can be assessed by measuring the frequency of occurrence of certain bmrnarkers 

(such as skeletal abnormalnies or presence of metal-binding proteins) m the exposed populations 

All three methods of evaluating ecdogical consequences+mnparawe ecology studies 

bmccumulation, and biomarker monitortng-are discussed in the follmng subsections 

b 

8 2 7  1 Comparatnre Ecology Studies 

The toxtcdy of a g m  contaminant to indnrrdual organtsz&&k&ve consequences on btobgical 

populations, communities, and ecosystems For &ample a%cotmminant that 1c1c~e8ses 

Smcept~kllty to predatKM or decreases reproducWeymcc&s m ind iwk organsms wdl cause a 
decrease HI population slte (a populatm IS a grBup%@idnnduals of the same specres) The 
decrease in population size may, in turn abundance or dmbubon of that 
populabon wrth respect to other popul untty (a commuruty IS a group of 

populations in the same unq change may, tn turn, lead to 

ecosystem effects such as ah 

x d. 

3 c 
% 

*L 

ck go, 

r 
Ĵ 

Theresa general consensus ects of comaminants can be assessed by measunng 

ecological endpoi &PA, 1989e) and to a lesser -em, at the communtty 

level However, cult and expensive to measure consequences at the 
ecosystem level si of a multitude of factors, in addmon to the effect of the 

contaminant, come into re at OU 3 the comparabve ecology studies will be des@ 

pr im ly  to measure popu d communtty parameters There are, however a few ecosystem 

level endpoints such as changes in nutrient concentmom that can be useful endpoints 

To effectnrely charactenze the effects of contaminants on a populat~on, one or more ecological 

endpoints should be selected These endpoints represent responses the population IS expected to 

exhibit as a result of exposure to the contaminant in quesbon Ecological endpoints at the 

populatmn level would include decreases in growth rate and fecundlty increases in frequency of 

disease or death rate or changes in the relattve abundance of ddferent llfe stages Ecological 0 
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The pdential bioaccumulation of selected contaminants (radionubhdes and metals) Wll be measured 

at OU 3 in fish benthic macroinvertebrates vegetation and small mammals such as prane dogs 

Bioaccumulation data will be used for the three purposes listed below 

1 Data from OU 3 wll be cornped to bioaccurnulation levels in sclenbfic Ilterature to 

help evaluate the potential impact of the contaminants on the plants and animals 

that accumulate the contaminants ' 

2 Data at dflerent trophic levels will be evaluated to determine If OU 3 contaminants 

are being transferred wnhin food chams If ths occurs there may be sgnfficant 

impacts on higher predators such as hawks and fish 

Data for organisms that serve as food SQK&XS for humans will be used in the 
human risk assessment process to determim zkhereaare paternal health nsks from 

using these resources 

Bmarker stwiles mvobe measuring responsesk organrsms which indicate that the 

organism has been exposed to a partmlar rally a homarker IS a biochemical or 

physldoglcal response that can be detect& levels Examples of homarkers 

include a change in the frequency of a$enetic~vabnormalay, a hstological change in m e  

L 

P* 

%. 
3 

2 z 
c 

"+%CY 

0 
e 

structure, or a physological 
metallothionern. 6 

&+&eased producmn of the metal binding protein 

There are many ers in ecological assessments, including broad 
applcabilny to m abilrty to link field surveys to laboratory tests to interpret 

the slgnrficance the fact that some biamarkers are diagnostrc of speufic 

contaminants H rrently a lack of accepted standardzed, and tested biomarkers 

for many of the contami nd at hazardous waste sltes Also, the relatonship belween the 

measured biomarker response and population-level effects has not been defined in many cases 
Further, biomarker studies are expenwe to conduct merefore, no biomarker studies wll be 

conducted during this ecological assessment effort. The msbng scient& lnerature on m a r k e r  

monltonng will be reviewed to determine d this approach may be useful for the target species and 

contaminants of concern at OU 3 If biornarker studies could add to or support the assessment of 
nsks in the offsne area, they may be proposed for successwe studies 
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2 Evaluating toxluty test data on laboratory orgbnsms (such as mice or fathead 
tninnOWS) to assess risks on actual populations in the reservoirs or terrestrial 

habrtats at OU 3 

3 Comparing the ecological endpoints for popula~ons of plants or animals exlsting in 

contaminated areas to uncontaminated or 'reference areas 

4 Companng estrmated intake rates and reference doses for some terrestnal spec= 

to assess acceptable and unacceptable mks 

5 Evaluating koaccumulation levels 

6 

c 

4 

Applytng quamame fauwevent tree anah/ssg %-, 

2. c +%. a ? ,  

T 

8.2.81 1 2 ,The first method involves 

comparing the concentrahons of a contaminant re pow to published cntena, or 
regulatory standards, or to concentratms or d adverse M toxlc effects (for 

contarmnants on populatms in nature or epldemldogd data, are not 
na approach, emplqrrng mens and 

Inerature, IS an important 

axampla,anLOEL) Asdiscusedin efFects of chemical or radldoglcal 

component in the process of 

A second nsk analysis method mvolves 
contamnantconcentratlons 

ratory mice, to exposure concentmom on natural onate 

grassland wRhin OU 3 Appropnate correaon factors must 

be appled to incorporate illty among species and life stages, and account for differences 

between condrtions in the laboratory and in the natural emronment. Thls method will indate what 

concentmons of a contaminant can be considered safe below which no adverse effects are 

expected to occur A logical refinement of ths method would be to conduct toxlcrty tests on native 

species using water or soil from the OU 3 area, simulating envlronmental condmns as much as 

practical Ths method may not be feasible whin the timeframe of ths EE 

on standard s 
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In summary the potential nsks from contaminants at OU 3 will ‘be charactenzed by using several 

lines of evtdence when possible None of the above SIX approaches are appropnate for 

charactenzing nsks for all the contaminants of concern or all the target species Also the use of 

just one approach will frequently provide an incomplete evaluation of nsks Therefore whenever 

possible, several lines of ewdence will be used to characterne the nsks at OU 3 When several line 

of ewdence support the same conclusion the weight of ewdence mll counterbalance the 

uncertanttes inherently assocrated wrch these approaches 

8 28.2 Uncertainty Analysis 

All nsk =mates are dependent on numerous assumptions and consideration of the many 

uncertainties that are inherent in the ecological nsk assessmentA- In any evaluation of the 

level of nsk associated WRh a sne, n IS necessary to address the level of confidence or the 

uncemnty associated wrth the estimated llsk 

/ 

IC- 

) *  +% 
I *. * 

b f  
1c‘ 

Uncertatntres are asso~lated vvlth both toxlclty infqrn@ionP(sbch as toxrcrty values and srte-dic 
dose-tesponse assessments) and exposure assessme~h.pformation Consequently, factors that 

may stgndicantly increase the uncerta~nty @ I*?yk assessment wll be dentmed and 

addressed in a qualitative and where pc&b 

% ’‘= * 

% 
manner 

0 
Three qualrtatnrely dstinct sou 
inherent vanabilny, paramet 
these uncerta~nty parameters 

of possible reduction ronmental monfionng (Bamtharse et al 1986) 

mmon to any ecological rsk assessment are 

el error It is essent~al to dmnguish between 

respect to feasrbtldy of qwmficatton and degree 

nts on the preaslon wrth which vanable propem of 
red will limn the preclsm wrth which it wll be possible to 

predict the ecological res. The concemon of a constRuent in a medium also vanes 

unpredictably in space and nme because of unpredictable vanation m meteorological parameters 

such as preapitatlon and wnd direction Finally the space and time distnbutions and sensrttvtt~es 
to stress of a target spec= are similarly vanable For the OU 3 nsk assessment, analytical data wll 

be used to determine contatnment concentrations in soils sediments and water, and help deternine 

vanablrty The vanabilrty of the physical environment that influences the contaminants 

environmental fate can also frequentty be quantdied (Barnthouse et al 1986) The vanabilrty of 
natural ecosystems are both cyclic and in response to abiotic factors lndwiduals and populations 0 
R W l  Work Plan for OU 3 

DEN/FIATS9B30.51 
Fbts Plant Golden Colorado 

Final Draf! Work Plan 
July 3 1991fi290 Noon 

Plq8 837 





. 
The EE Report will have three basic uses It will be used to 

t 

0 Determine the nature and sevemy of the enwronmental nsk resulttng from existing 

contaminatton condttions at OU 3 wnhout further remedial action (the 'no action' 

alternative) 

Prmde information for companson of altematwe and evaluatfon of potenbal 

environmental impacts of the remediation altematwes 

0 Prepare appropnate environmental documentation needed to comply wlth the 

National Emronmental Policy Act (NEPA) 
c 

4 

0 Determine other envlronmemal requirements s h \  as habM (wetlands) protection 

and rare and endangered speaes I *".-," 

The introductory secbons of the EE wdl define theab&n&md scope of the EE investigation and 

generally descnbe the physical and biologcal &ens$@ of the stte Information from ths EE 

andpnorstudes suchastheOU3re Investlgatlons wll be used to Mne 

the contaminants of concern, assess t of transport mechansms for these 

contaminants and descnbe the logical 

Since the assessment of nsk 

supporhng particular concl 

Section mll present 

conclusion and d 

of definmve concl 

- $4 ,f 

0 
ptor species or communltles 

IS largely based on the weight of the ewdence 

ection wll be included in the EE Report Thls 

dence supporhng (or fading to Support) each basic 

rs that limn or prevent development 

and the degree of confidence in the data used wll be 

Pr-ed 

The €E Report wll be structured and wntten to facilttate tts use by a dwerse audience technical 

specialists scientsts, administrators and the general 'lay public Portions invohg technical detad 

such as explanabons of methodologies or fate and transport models, wll be presented m 

appendices An Executive Summary will be prepared to bnefly present the baslc information 
contaned in the ecosystem charactenzmon exposure toxlcrty and nsk assessment portions of the 

report and descnbe how this information supports the rsk charactenzation conclusions A complete 

list of references including the scientific lrterature ctted, wll also be included 

I 
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9 0  

1 SCHEDULE 

A conceptual schedule for conducting the OU 3 RFI/RI IS summamed in Figure 9-1 The source of 

the RFI/RI duratlon IS from the IAG The actual due dates for the RFURl Reports have been revised 

from those presented in the IAG EPA has approved these schedule modmions. According to 

the schedule, approxlmatdy 2 years and 1 month wll elapse from the time ths work plan IS finalmd 

una1 the RfVRl Report IS ssued 
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10 0 

QUALITY ASSURANCE ADDENDUM (QAA) 

t 

The QAA for OU No 3 and the QAPP mll be submitted to EPA and CDH as controlled documents 

under separate cover These documents will establish specific QA controls applicable to the 

field invmgations for OU No 3 
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11 0 

STANDARD OPERATING PROCEDURES AND PROCEDURE CHANGE NOTICES 

i 

The following RFP program-wide SOPs will be utiilzed where appropnate dunng the specfic field 

inveshgations for OU 3 A complete list of the SOPs to be used follows 

z 

FIELD OPERATIONS 

SOP Number 

1 1-Wind Blown Contaminant Dlspersion Contpc 

1 2-FiekJ Document Control $ “ -  

1 3-General Equipment Decontaminattotv”ey * 

1 4-Heavy Equipment Decontaminatmn ? 
1 5-Handling of 

1 7-tiandling of Deco 

1 &Handling of Drilling FI 

1 Handling of Residual 

d 

” I  
* 

1 6-Handllng of 

0 ng, Handling, and Shipping of sol1 and Water Samples 
0 

0 ng and Flame Ionlung Detectors 
0 cal Measurements 

GROUNDWATER 

SOP Number 

0 21-Water Level Measurements in Wells and Piezometers 
0 2 2-Well Development 

0 25-Measurement for Groundwater Field Parameters 
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GEOTECHNICAL 

SOP Number 



I 

0 5 &sampling of Reptiles and Amphibians 

5 4Sampling of Terrestnal Arthropods 

5 1 OSampling of Terrestnal Vegetation 

5 1 1-IdeMcation of Habttat Types 

5 i24ampling of Soil for Soil Descnption 

5 13-Development of Field Sampling Plans 

0 

0 

0 

0 

0 

AIR 

t 

SOP Number 

0 .# 

f 
6 1-Effluent Trihum Sample Collection 

0 6 2-Tnt1um Sampler Calibration fl 

7 %  
0 6 3-Effluem Pur Radiopartmiate Sample Wecbon 

6 effluent k r  Radiopartrculate p” w 

6 54lesponse to Effluent SAAM 

6 7-Effluent k r  Sample D 

* 
0 X . .  

0 

0 6 6-Effluent k r  Prtot Tube I 

0 

0 6 12-Prevent1ve Manten P TSP H~vd Sampler 

Specfic nformabon, includin 

prmded m Section 6 0 for 

not addressed by the SOP 

procedure change 

references concerning sampling acttvities IS 

flies Propa-speafic deta~ls for thls work plan 
These ’the f d h n g  procedure change nottces 

to the SOP for use dunng field actmies 

11 1 PROCEDUR E TO SOP NO 4 6, SEDIMENT SAMPLING 

The sediment samples col 
corer IS a method descnbed in A Compendium of Superfund Field Operations (EPA, 1987a) 

om the reservoir wll be collected using gravrty corer The grave 

A gravrty corer IS a metal tube mh a replaceable tapered nosepece on the bottom and a ball or 

other type of check valve on the top The check valve allows water to pass through the corer on 

descent but prevents washout dunng recovery The tapered nosepiece facilfiates cuthng and 

reduces core disturbance dunng penetratron Most corers are constructed of brass or steel and 

many can accept plastic liners and addttional weights 
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11 2 PROCEDURE CHANGE NOTICE TO SOP NO 4 8, POkD SAMPLING 
k 

The pond sampling SOP is amended to address strattfied reservoir sampling Prior to sampling at 

each sampling polnt profiles of water temperature and dissolved oxygen in the water column will be 

collected at the sampling location The Hydrolab Mutti-Parameter Measunng Instrument wll be used 

to collect the profiles across the entire water column The sampling will be performed from a boat 

Temperature and dissolved oxygen at the sampling point in the deepest part of the reservoir wll be 

measured to determine the location of stratmed layers at this point The grab samples will then be 

collected using a Kemmerer sampler in each stratrfied zone for all samples The uppermost 

strattfied zone will be sampled first, followed by the next lower zone and so on The zone at the 

bottom of the pond wrll be sampled last 

c 

.* 
" 

3 '2. 

11 3 PROCEDURE CHANGE NOTICE TO SOP 5 4, SAMCGGQF FISH 
A 1' 

k 

% 

Ftsh samples from the OU 3 reservoirs will be collected um&a boat-mounted boom electroshocker 
*k Q 

and gill nets. These fishing methods are disc&+ ih+$ktal by Vibert (1967') and Nlelsen and 

Johnson (1983) *%/% 
- 2 -  

generator and the current IS controlled 
by a commercial power unit to e pulse frequency and amperage can 

be controlled at the power u &xmt~ intempts the power suppiy unless the 

person netting the fish at the re on the switch Two anodes are suspended from 

thebowonbooms he boat The boat acts as the cathode Consult the 
manufacturer's g instructions The three-person crew (two netters and 

the platloperator) and elbow-length gloves and llfe preservers 

shore in 1 to 6 feet of water at a slow trolling 

speed Fish that are shocked will surface near the anodes and are netted and placed in a h e  tank 

in the boat. Each station will be shocked for 15 to 30 minutes depending upon catch success, and 

the actual shocking time wdl be recorded Ftsh will be processed at the end of the shocking penod 

according to SOP No 5 4  Sectton 6 2  5 Water quality parameters will be taken as per 

Section 6 2 6 and data will be collected using the data forms in SOP No 5 4 
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r REFERENCES 

Allard and Rydberg, 1983 B Allard and J Rydberg 'Behavior of Plutonium in Natural Waters,' in 

W T Camall and G 8 Choppn, Plutonium Chemistry Amencan Chemical Soclety 

Washington, D C , ACS Symposium Senes 21 6,1983 

h e s  and Rai, 1978 L L Ames and D R a  Radionuclide Interactions Wh Soil and Rock Media, 

Volume 1 P~)cesses Influencmg Radionucltde Mohlrty and Retentm, U S Envlronmental 

Protection Agency, Report !520/6-78407A, 1978 

Andelman and Rcuzeil, 1970 J B Andelman and T - 4  *Rozzeil, 'Plutonium in the Water 

E m m e n t ,  I Charactenstics of Aqueous Piutomiim,' -&nuclides m the Emronment, 

Amencan Chemical Society Advances in Chem& Senes'Ni 93, Washington, D C , pp 

118-137 1970 

* -  

I -* 
t 

%. 0 ANL, 1986 Argonne National Laboratory,..f6Lvlronm~Malhesearch Dmion Technd Progress 

Report, JEtnUy 1984- D e # m b e r ~ ~ , ~ ~ ~ ; 3 9 8 6  
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R B sharp, A proposal for ~smamn of soil w i n g  

, in Journal Envlronmental Qual~ty 

B a s  and Sharp, 1983 

vol 12,no 1,pp 17 

Barnthouse, et. al W, G W Sutter, S M Barteil, J J Beauchamp, R H 

ces Dmion Publicahon No 2679,0RNL425,1986 

11, and A E Rosen User's Manual for Ecdogtcal REk 

Barth and Mason, 1984 Barth, Delbert S ,  and Benjamin J Mason Soil samph ng QudW 

Assurance User's Gu~de, Environmental Research Center, Unnrersw of Nevada at Las 
Vegas Reproduced by the Nat~onal Technical In fomon Sew, Spnngfiekl, VA, PB 84- 

198621 EPA 600/484-043, May 1984 
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CDH, 197Oaate Colorado Department of Health, Monthty Envimmental Surveillance Report for 

the Rocky Flats Plant, produced since 1970 by CDH and presented at monthly information 
exchange meetings 

con-, 1980 W J C~mer, FVacbcal Non-Parametnc  statist^^^, 2nd Edrtron, John wlley and 

Sons, New York, NY, 1980 

i 

Corps of Engineers, 1989 United States Army Corps of Engineers, Review of Pre-FeasibMy 

Study, Great Western Reservorr Surface Water Interceptor System, 1989 

CSU, 1974 Colorado State UniversRy, 1 4  
Flats Envtrons, prepared by J E Johnson, S Svalberg ahd D Pane, Department of Animal 

s~lences and oepartment as ~adrdogy and Rad& ~ o r t  ~ 0 1 1 i s ,  cd~rado, for 
Dow Chemlcal Company, Rocky Flats Dmon Comb4@ 41493-F, June 1974 

$ %  

Summary and Preliminary 

Emmental Restoratton 

WE,1991c Unlt Energy, 
Environmental Restoraxron Program, Rocky Fiats 

DOE,l991d United of Energy, 1989 Populatron, Economrc and Land Use Data 

Base for the Rocky Flats Plant, Golden, colorado, in press. 

a 
DOE, 1991e United States Department of Energy, Proposed Surface Water lntenm Measures/ 

lntenm Remedial Acbon Plan/Emmnmental Assessment and Decision Document, South 

Walnut Creek Basin Operable Una No 2, Emronmental Restoratron Program Rocky Flats 

Plant Golden Colorado, final 1 1  January 1991 
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DOw, 1973 Dow Chemical, Environmental Inventory - A Hlstoncal Summation of Environmental 

Incidents Affecting Soils At or Near the U S AEC Rocky Flats plant, by J B Owen and 

L M Steward draft not dated (approximate date October 1973) 

Dow, 1972 Dow Chemical, Soil Sampling East of Indiana Avenue by R W Loser and 

R L Tibbals, Product and Health Physics Research Service Report No 317-72 186 29 

November 1972. 

Dow, 1971 Dow Chemical Committee Evaluation of Plutonium Levels in Sal Within and 

Surrounding USAEC Installation at Rocky Flats Colorado by J R Seed et al RFP-INV-10 

9 July 1971 

Dow et al ,1971 -date Dow Chemical Rockwell lntematio G&GRockyFlats Inc annual 

titles) produced annually enwonmental monitonng reports for the Rocky 

since 1971 by EG&G Rocky Flats, Inc and 

Dragun, J ,1988 J Dragun, Hazardous Matenals 

Control Research lnstn 

DWR, 1990 Colorado DMSM of Water R records for water wells in the wcmity 

of the SWMU 199 sne 

EG&G, 1991b EG8t , Volumes I through VI, Rocky Flats 
Environmental Mo Golden Colorado, February 1991 

EG&G, 1991 c EG&G Rocky Flats, inc Jefferson County Remedial Action Lands Annual Report - 
January, 1991,90-RF-7449 

EG&G, 199Oa Mr James Langman EG&G Environmental Management personal communication 
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0 EPA, 19894 United States Environmental Protection Agent$ Rlsk Assessment Guidance for 

Superfund Volume II Environmental Evaluation Manual lntenm Final Office of Emergency 

and Remedial Response Washington D C EPA 540/1-89/001 1989 

EPA, 1989e United States Emronmental Protection Agency Ecological Assessment of Hazardous 

Waste Sites A Field and Laboratory Reference Document, 'Emronmental Research 

Laboratory Conmllis Oregon EPA 600/3-89/013 

EPA, 198% United States Emronmental Protection Agency, Statstical Analysts of Ground-Water 

Monnonng Data at RCRA FacilRles, 1989 

EPA, 19- United States Emronmental Protmon Ag 
-89/OW, OSWER Directwe 

9355 3-01 lntenm Final October 1988 

EPA, 1Q88b Unrted states Env~ronmental P 

s$o/G-88/003, OSWER Dueme 

, A Compendium of Superfund Field 

Washington DC EPA 

EPA, 1987b Un 

111, Office of Emergency and Remedial Response 

e9239141 1987 

Response A c t ~ t ~ e s  Office of Emergency and Remedial Response, Washwon DC 

EPA 540/G-87/003 1987 

€PA, 1987d Unrted States Environmental Protection Agency, Integrated Rtsk Inforination System 

(IRIS) Washington D C EPA 600/8-86/032a 
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d Water Regularions and standards Wsshhgton, D C ,  EPA440#8M01,1986 , 



Ham, 1989 C J Ham The Dls$lbution of '%s, Pu and Am in Sheep ' in The Science of the Total e Environment, Vol 85 pp 235-244 1989 

Harley, 1972 Harley J H HAS1 Procedures Manual USAEC Report, HASL300 1972 

Hydro-Search, 1985 HydrOseard.1, Inc Hydrogeologic Charactemation of the Rocky Flats Plant, 

Golden Colorado prepared for Rockwell International Pmpt  No 1520 9 December 1985 

Hydro-Triad, 1982. Hydro-Triad Ltd Geology of the Standley Lake Area, Jefferson county 

Colorado, pmpared for Hydro-Tnad by C S Rob~nson, Mineral Systems, Inc I July 1982 

Hydro-Triad, 1981 Hydro-Tnad, Ltd , Phase I Inspection Report, National Dam Safety Program 

Great Western Reservolr Dam Jefferson Countyf'0i;lOrada. Owned by the Clty of c, prepared for Colorado 

d 

D m o n  of Water Resources and U S Army &$3s of Enghers, Omaha, Nebraska, Final 

Report, Apnl 1981 . r *  

ICRP, 1988 Intermtonal Commission on The Metaboilsm of Plutonium and 

Related Elements,' ICRP Publicah ,Oxford 1988 

ICRP, 1979 Internattm C Radihtion Protection, 'bmlts for Intakes of Radmudides 

by Workers,' ICRP Pu il Press, oxford, 1979 

Isaaks and Srivastav H, and R M Snvastava An Introduction to Applied 

, New York, New Yak, 1989 

Kimetal, 1984 J pf, C Lierse and F Koppold, Hydrolysis Reactions of Am(lll) 

eutral Solutions,' in Geochemical Behavtor of c)lsposed 

Radioactwe Waste Amencan Chemlcal Society Symposrum Senes No 246, Washington, 

DC, pp 115-134,1984 

a 
Krey and Hardy, 1970 P W Krey and E P Hardy .Plutonium in Soil Around the Rocky Flats 

Plant' Unned States Atomtc Energy Commission Heatth and Safety Laboratory New York, 

NY HASL-235 1 August 1970 





Rockwell, 1988b Rockwell Internattonal ‘Remedial Action Air Shpling Results - 1987,’ data table 

only not dated (approximate date early 1988) U S DOE Rocky Flats Plant, Golden 

Colorado 

Rocl<well, 1988c Rockwell International, Remedlal Investgation and Feasibilw Study Plans for 

LOw-Pnonty SWs, U S DOE Rocky Flats Plant, Golden Colorado, draft, 1 June 1988 

Rockwell, 19884 Rockwell International Status of Remedlal ActKxl on Jefferson County Lands 

East of Indiana Street, November, 1987 to November, 1988, US DOE Rocky Flats Plant, 

Golden, Colorado 

0 

Rockwell, 1987a Rockwell Intemabonal, Remedial Action Pa&arn on Jefferson County Open 

Space Land in Section 7 T2S R69W South of G d  Western Reswar by C T  llisley 
* *  

EAG420-87-1,lS JmUary 1987 2 %/% 
% ‘ z  I 

i 
kk ,, 

Rockwell, 1987b Rockwell Intemabonal, Re&Jictim~mgram on Jefferson County Open 
“a s 

Space Land Status Report for Penod Janua”ry1 @87 to October 15 1987, EAE42087-3, 

15 October 1987 

Rockwen, 1985a Rockwell Intmonal, 

Plant, Golden Colorado, 

U S  DOERockyF4aB 

Rockwell, 1985b Rockwell 

by CT Illsley, EAC- 

nal Rocky Fm Plant, to J R Nicks, Area Manager, DOE- 

RFAO, subject ‘Great Western Resewar Sediment Cores,’ HlRh aMached Great Western 

Resewoir Sediment Core DWGraphs presented at 26 March 1985 State lnformatm 
Exchange Meeting, 85-RF-0457,14 February 1985 

Rockwell, 1985d Rockwell Internabonal, ‘Rocky Flats Rlsk Assessment Guide,' prepared by Safety 

Analysis Engineenng March 1985 
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scs, 1980 Unrted States Department of Agncukure Soil CoWrvmon Senme, Soil Survey of the 

Parts of Denver Douglas Jefferson md Park Count~es 1980 Golden Colorado Area 

Chapman and Hall New York p 90 1987 

Shade et al , 1984 J W Shade L L Ames and J E. McGanah, 'Amide and Technetturn 

Sorption on IronSilicate and Dispersed Clay Colloids,' in Geochemicai Behavior of Rsposed 

Radioacme Waste Amencan Chemical Soclety Symposium Senes No 246 Washington 

D C , pp 67-m91984 

Silva et al , 1979 R J Silva, L V B e m n  and J A. Apps Studies of Actinlde Sorption on 

Selected Geologic Mateflak,' in Radioactwe Waste in Geologic Storage, Amencan Chemrcal 

society Symposium Senes No 100, Washington D C , pp* 21 5240,1979 
9 

$99 +. 
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-ley et al., 1979 G B Staley, G P Tun and D L Scbr&'Rdmnudide Migraton from Low- 
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t Appendlx A 

THE DESIGN OF OPTIMAL STRATEGY FOR 

SAMPLING PLUTONJUM AND AMERICIUM IN 

SOILS OF THE OPERATIONAL UNIT NO 3 

INTRODUCTION 

Over 120 soil samples were collected and analyzed for Pu concentrations in suficral sork east of 
Indiana street Most of these analyses were performed dunng 1971 and 1975 to 1978 

Approximately half of the soil samples were taken from the top soil hormns (0 to 5 cm) using the 
Rocky Flat soil sampling protocol, whereas the other half?was sampled using the Colorado 

Depaftment of Health protocol (0 to 064 cm) These sal&&$ng techniques are descnbed in 

great dais in SOP 3 8 Ths prevlous sampling Mort pra$hk&wbh a reasonable knowledge of 

the spatial dependency of Pu in the solls east of RFPCHke, the 'mng informatron can be used 

to construct a seml-vanogram for desgning opbWsampJd&rategy for Pu and Am in solls east of 
.e 

\ *  

RFP f 
4 *-\ %. 

GEOSTATlSTlCAL APPROACH a t\w 

-3 
-0 0 

The Use of the reglOdlZed semi-vanogram as means of descnbmg spatral 

vanahon In soils was demo authors (eg , Burgess and Webster 1- 

1980b Webster and McSrat neyetal 1981 Burgessetal 1981 Gilbertand 

Sunpson,1985) The bes the rate of change in a reglonalaed vanable and 

measures the deg dence between samples wlthin geographical boundanes (two- 

dimension an* (three-dimension analysts) The spabal structure of the 

regtonallzed vanable by the semlvanogram in the case of stattonanty condrbons 

(Bregtetal 1991) The spirts the total vanance in a data set into two parts The first 
represents the spat~al vanance between samples values relative to me dlstance W e e n  samples, 

whereas the second represents local, or random vanance Because the seml-vanogram IS a 

functmn of dstance, the weghts change according to the geographical arrangement of the samples 

(Isaaks and Snvastava, 1989) Hence the semi-vanogram can provlde the maximum sample 

separation distance for optimal sal sampling design for OU 3 Optimum sampling for the purpose 

of the report IS defined as the stahstically objective determinatlon of a dstance between samples 

that achieves the desired precision i 0 
RFVFl Work Plan for OU 3 
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the error estimates are (1) number of the nearby samples (2) broxtmrty of the available samples, 

(3) spatial arrangement, and (4) the nature of the contaminant t 

Kngrng can be applied globally or locally A global application would be to use the data Over the 

entire ste and -mate the mean for the site In soil studies rt s usually preferable to use a local 

estimator which means calculating the average value of the regionallzed vanable Over sal blocks 

(areas) from which a sample was collected For example the knginQ estimator of the Pu level at a 

point x, in geographical space IS 

e 

eF 2 si 

where z Q  IS the observed datum at the point q within the&&&&ghborhood about the point x, 
and Ai IS the weight attached to that datum as obtatned'ming orditbqy <kfiging If the a S S u ~ O r r S  

undertying ordinary knging are met then the kngmgestid&r IS a & knear unbiased estfmator 

(6 LU E) By uslng local esumatron, there is no ke$fo&ssume the same mean and covariance 

h - %  w 

P 

fl- Weighted m n g  average methods are intume n m  that the data values closest to 

the block where the average IS cewe more weight than more distant pants A 

problem vath these methods ropnate wetghtmg f u m  Inverse dlstance or 

square inverse distance weg , but It is drfficult to know which function IS best 

Although knging erage rts weights 1, are determined using the semi- 

vatlogram, which ing emmator I B LU E Moreover, clustered data does not 

introduce a bas f use knging takes into account the spaW arrangement of the 

data In addrtion, kng e to estimate the vanance of each estimated mean and hence 

to assess whether addmo are needed in a gwen area 

The semr-vanogram calculations and the block knging camputattons were performed by the 

GEO-€AS program (Englund and Sparks 1988) 

The tradmnal method of mapping (handcontounng or computer generated map) usually produces 

smooth contours that honor the data at known polnts This technique usually produces a fat* 

erratic contours Geostatlstical techniques will produce a much smoother map that shows the 
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NOFWAL PROB~B~LITY PLOTFOR pu 
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Figure A-3 
LOG NORMAL PROBABILITY PLOT FOR Pu 
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1 0 EXECUTIVE SUhIl lARY 

Surface soils on three gravel lease properties located within the Rockv Flats West Buffer  Zone 
were sampled and analyzed for the plutonium isotopes 238 and 239/240 (see Figure 1 for 
property location) Colorado Department of Health (CDOH) operating procedures for 
plutonium sampling were strictly followed (Reference Surface Soil SampIe Coliection, Version 
1 0, July 10,1989, CDOH) The laboratories used were sanctioned by EG&G (The Department 
o f  Energy's prime contractor for operating the Rocky Flats Nuclear Weapons Plant) with 
respect to QA/QC and laboratory analytical procedures EG&G personnel inspected Western 
Technologies, Inc (WT) field sampling protocol and approved the procedures 

* 
No plutonium isotopes were detected above the CDOH a c t m  level Plutonium concentrations 
in the surface soils on the Subject properties are indicat iv~oP background levels resulring from 
atmospheric nuclear weapons testing 

The foIIowing conclusions are reached 

1 

pb 
1 

& - e  

~ %\ 
I Lr -A 

-9 

* % .  
*J .2 I 

Plutonium concentrations in surface soilson thFubject  properties are below the CDOH 
action level (1 e 2 0 disintegration ram, which is equivalent to 9 pic0 
Curies/gram) as put forth in "R& s Pertaining to Radiation Control 
RH 435 1" 

% 'r 

2 M m n g  and related co 
special construction 
below the CDOH act 

n the subject properties will not require any 
tion because plutonium concentrations are 

3 no public health and safety hazard exists as a result 
etc ) the soils on the subject properuts 

I 



2 0 INTRODUCTION 

Western Aggrtptes, Inc is contemplating sand and gravel mmrng on approximately 471 acres 
of land locateq on the Rocky Flats West Buffer Zone (Figure 1) The property ~f subdivided 
by the names of the owners of the graval leases, Sptcer, Conda, tad McKay Surface soils were 
sampled and analyzed for the plutonium isotopes 238 and 239[!240 te iluorc pu bkc, worker, and 
customer sat ety 

The sampttng grog- was in tbict confomncc with the Colorads Department of Health, 
Radaataon Coned Drvxsxons’ requaremenu as put forth tbcir doetroLcat catitled 3urface Soil 
Sample Collecthn, Version 1 0, July 10,1989” EG&G persoiqi approved the laboratories used, 

toccdures. EG&G 
provided W with a list of approved radaunttclide mm w h c h  Sctcntech, I= and 
Controls for E&~ronrnentaI follottoa, he. were se r&cs were selected at the 
recommendaaoa of EG&G pcrurnnel fer quality A &tal of 34 soil samples 
were collected tpd analyzed (48 samples piw 6 w e  coUcc?ed f ronr 
October 30 thrQlrgh November 1,19W 

3 0 PLUTONIUM SAMPLING 0 
g rpproximrtcty 
was daricfbd into 

wte B&hy property was 
@I WAI-b&12. f i e  f90 acre Spicer 

i@kw& as WUIS-1 th- WAI-s-22, 

Prior to samptn& 

sectors based OB the foll 

rly marked each of $he seaor eoraest wsth sorvey lath and 
plotonrum slimplrng fecsti0z~ w m  rcltaed tn each of *e 

I& Spcemt care wss 
&en to avuid choosing sampling pornts sear topafctrphrc fmturu thra would 
iqhibit wind depmtion of urbornt phtomam from the Rscky Flats Plrat.* 



Nestern Aggregates Iac 
Plutonrum 238 and 239/210 t 

< - Surface soil conditions appeared to have remained undisturbed for several years 
Soil was not sampled on two of the Conda sectors (WAI-C-2 and WAI-C-6) 
because these areas had been disturbed by recent mining activities 

0 

Sampling locations were evenly spaced within each sector, except i n  sector WAI- 
S-22, which contained deeply incised surface drainages Ali sampling points 
were plotted in the field and are shown on Figures 2 and 3 

Each sampling sector covers approximately 10 acres, although some are odd shaped due to the 
property boundary The sampling points shown on Figures 2 and 3 are approximately located 
as they were paced o f f  in the field Neither the sampling sectors nor the sampling points were 

roads, or steeply incised drainages 

3 1  Plutonium SamDline Procedures 

surveyed Soil samples were not collected from areas disturbed by on-going mining activities, 

Forty eight (48) composite soil samples and six (6) split samples were collected for laboratory 
analysis Each of  the samples were individually&onapos&i3 from soil collected at 25 sampling 
points located within each sector 

The individual soil samples were collecte e35 steel sampling device from the top 
1/4 (0 25) inch of 
personnel donned clean disposab 
the soil, so that th 
steel samphng spade was pla 
and carefully drawn for  
the entire volume (1/4 
into the curved sam 
a plastic sample co 
adhered to the tem 
staled, and the sample 
next sample point 

de and 2 3/8 (2 375) inches long WT 
positioned the stainless steel template into 

urface o f  the template The stainless 
the curved sample collection scoop, 

ved end Special care was taken to assure that 
2 3/8 inches long) was properly collected 

e curved end of the template was gently placed into 
s slowly poured into the bag Soil that 

into the container The composite sample container was 
plotted on the map WT personnel then proceeded to the 

Split samples were collected from the following sectors, WAI-GI, WAI-C-14, WAI-M-6, WAI-M- 
8, WAI-S-16, and WAI-S-22 The spIit samples were composited from 25 sampie locations in each 
of  these sectors using the above procedures At each sample point, the soil sample was divided 
evenly between two composite sample containers 



~ ~~ ~ 

t 
The stainless steel template and spade were thoroughly cleaned before sampling each sector, 
using non-phosphate soap and triple rinsed with deionized water The 48 composite soil 
samples were labeled and sent to Scrcntech Laboratories u1 Carroilton, Texas, for analysrs As 
a quality assurance measure, the SIX spht samples were sent to CEP Labofatories i n  Santa Fe, 
New M e X l C O  

4 0 PLUTONlUhf SAMPLING RESULTS 

The soil samples were analyzed for PItrtomum 238 and 2391240 using alpha spectroscopy Table 
1 summarues the laboratory Pnaiyucal data by lease gw~pcx%y The Apptndjx contairu the 
laboratory reports and cham of custody forms 

The lower IimiCof detection (LLD) for the analymal 
to 4 pCi/gm. Ths xs an mportant point becrplre 
determine compliance with the CDOH action le 

Plutoniuzn 238 fPu 238) value0 ranged from 0 

from 0 pCi/gm to 695 pCi/gm fm bl8c 
levels exceteed 

Split sample reWts are reason 
to 0 550 pCx/ gm respectively 
this u not uncokmon, due t 
These results XEC not interp 

- 

rtsed vrrfcd from-OS pcr/gm 
tim LLD was sufficient to 

detected &ove the detection &ut) 
to 550 W / g m  tin Coada Last Sector C-14). (ptl239B40) vs€uct =gal 

and C-14B varied from 0 pCi/gm 
Sch~daHer af €G&G rencrfcd 

of urlmfaa depoatim of glumrmna. 

5.0 CONCLbS 

AT samples were appropriate protocol m d  wee rnrlyzed by quahficd 
laboratorps h e  ent todetermine comgli.ncc with CDaa actton fevck TBc 
results are consfstent with prevrous, Irmtted samplurg performed by &e Dcpartarcnt of Energy 
in the same general viciruty The resuits presented herem arc bchcved to be an amrate 
representation of plutomwn concentrations in surface smtr on thesubject property PIutonrum 
concentrations are known to decrease dramatically with depth 

1 



liestern Aggregates Inc 
i Rutoolum 238 and 2391240 

t 

Based on the data presented i n  this report the following conclusions are reached 

1 

2 

3 

0 

Plutonium concentrations i n  surface soils on the subject properties are below the CDOH 
action level (1 e 2 0 disintegrations per minute per gram, which is equivalent to 9 pic0 
Curies/gram) as put forth i n  "Rules and Regulations Pertaining to Radiation Control, 
RH 4 35 1" 

Mining and related construction activities on the subject properties will not require any 
special construction techniques or mitigation because plutonium concentrations are 
below the CDOH action level 

Based on the data presented herein, no public h e d h a n d  safety hazard exists as a result 
o f  disturbing (e g mining, grading etc)  the sotis o*k$e subject properties 

* 

F 
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-% 
2, 
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FKUIRE 1: INDEX MAP Of GRAVEL LEASE PROPERTIES 

Scale lw = 2000' 
Contour intend = 10 ft. 
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APPENDIX 

LABORATORY ANALYTICAL DATA AND CHALY OF CUSTODY FORMS 



T..BLE 1 f-ry of Plutonrui T a t  RcruItr 
c 

SAlrPL I lit ANkLYTES ( 1 )  
L C L i  I Oh 5 

COh3A LEASE Pu 238 Pu 239t240 
SECTM C-1A (fr 0 0 

C-18 4 05 4-05 
C-2 (3 ) (3) ? 

e-3 0 00286 
c-c 0 0 0974 
c-s 0 os77 0 0019 
C-6 (31 (3) 
c-7 0 147 0.0191 
c-a %#I6 ou# 

C-12 6,0883 
C-13 6 DSlp 

c-141 0 550 
e-1s Q.008 
C-16 0,124 

l g l A Y  LEASE 

r 

10 0 0106 0.106 

H-12 0 zb5 0 327 



SPICE2 LEASE 
SECTOR S-1 

s 2  
s-3 
S-4 

s-5 
5-6 
s-7 
S 8  
s-9 
s-10 
s-I 1 
s-12 
S-13 
S-14 

PU Da Po 239/240 
0 0103 0 175 

0 0879 9 055 
0 0366 0 175 

0 0 

0 0 
0 0 oat 

0 0 0398 
0 awa 

0 0159 0,143 

O *  . OOM? ~ 

0 6  0 * *  

a”, d 1 0  0651 
0, 17 0 0635 

a.,. -q * /9 0 0065 

229 4 05 0 290 

~ l l  Units are in pic0 curies/gram (pCi/gn~m) 

Samptes labelled A and 6 are split ssnples 
Sanples uith the A designation Yare analyzed by Scicntech, I n c  
Samples uith the 6 designation uere analyzed by C E P, Inc  
All other samples were analyzed by Scientech, tnc 
No sanplcs collected in these rectors because soil was 
disturbed by recent minimg activities 

(3) 

TFe Colorado Department of Health, Radiation Control Division, has 
established an action level for plutoniua contamination of 
2 0 disintegrations per minute per gram (dpnt/gm) 
to 0 9 pCi/gm 

This is equivalent 
None of the 54 sauptes analyzed exceeded t h i s  standard 
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BCIENTECH i ~ t  

hXSEX\ iECd3OLOGfES I\C 10273 

48 SOIL SA\W;ES, DATE RECEIVED 11/15/90 

SAWLE I D 

hA1-C-Tt- 
1A 
A \ I 12932 

b AI-C-PC- 
3 
A Y I. 12933 

4 1 L ,5936 

A W Y S I S  

F4I-238 
PU-239 
Ptb240 

P v 2 3 8  
PC-239 
F4g-240 

PCT-238 
PTf-239 
PW240 

F&238 
PU-239 
n*r-240 

PC-238 

P 

\ 

F 

PCL239 

C O X Z ! ' ! ' T I O X  EWOR EST 

0 C O E ; O  8 i 8 E - 2  

A\L J09= 90-0813 

12/28/90 

PC-239 ~ 2 10 P - 3 
pc-240 * 

PL"238 0 C9 E - 0 1 46 L - 1 ?CUg 
Pt ' - ss  0 30 f - 0 1 -4  E - 1 pciig 
P+O * 

LLD WITS 

2 2 - i UCiIg 
1 E - 7 UCi/g 

= a  2 f - ? XzCf/g 
1 E - 7 ;rCifg 

- 3 f - I s C ' g  
2 E - i -Ci'g 

3 - i t;Ci'g 
2 f - t t C i ' g  



@LIENTECH INC .I 

12/28/90 

48 SOIL SAYPLES CATE RECEIVED 11/13/90 

SAWLE I D AYALYSIS COYCE'iTRATIOY ERROR EST WITS LLD LTITS 

It 9 I - C -Pt - PC-238 3 00 E - 0 1 04 E - 1 pC1/g 2 E - 7 X i / g  

4 \ L 2294c PL-240 * 
11 PU-239 1 CG C_ - 1 mCi/g 1 E - 7 uCl/g 

s6 2. 

a x * '  
h -- 

I\ 1 I -c-PC- 
12 
A \ L 12911 

PL-2LO * 

TL-238 8 
PL-239 

Deputy Directof, Laboratory 



ADLIENTECH IUC, 

22/28/90 

48 SOIL SAWLES, DATS RECEIVED 11/13/90 

kAI-V-Dt- 
3 
X 'i L 12948 

4 E - 7  
3 3 - 7  

uc1 /g 
uci/g 

PC-238 0 00 E 5 

I?t-240 * 
a-238 
Pc-239 

PC-239 4 2 4 E - 1  

0 00 S - 0 
I e6 f - 1 

t C i / g  
t C i , ' p  

0 ~ - a  
S L - 8  

* PC-240 

PC--238 0 00 E - 0 
FC-239 1 9 3 E - 2  

pCf/g 
/II 

9 5 - 8  
7 5 - 8  

- 2 E -  1 

2 5 - 1  

UCf Q 
tc: *g 

3 2 - 7  
3 E - 7  



@LIENTECH INC 
E%INEWING & MANAGEMENT SEiMCES 
2'05 LUNA RCAD '390 CARROLLTOY Tx 75006 
(214) 247 1714 FAX (216) 2470258 

12/23/90 

48 SOIL SAFLES,  DATE ECEIVED 11/15/90 

SLYPLE I D 4MLYSIS CO\CE\TRATIOY ERROR EST CIITS 

L 11 11-V-q.- PU-238 0 00 E - 0 3 14 E - 2 ?Ci/g 
-- 1 1  PL-239 1 6 7 5 - 2  3 68 E - 2 QCLfs 
4 \ L 12956 PL'-240 I_ 

>- 

- 
\\AI- '-3L- PC-238 2 23 5 - 1 2 09 f - 2, 3 k J g  
,- ' ?  3L-239 3 27 f - ' - 1 83 E -3 ;c,/g 

T -S->L- PL-238 1 0 3 Z - 2  3 -9% - e x y  3c- 2 

A \ L 23,937 PC-240 < 
\r 

x 
.4 - .  J 

PC-239 1 75 5 - ' 
.c I. 12953, PL-240 

DC-238 0 00 5 - 0 

a 
k 4 I -S -P L - 

5 DC-239 3 GO f - 3 
-I \ 139G2 PC-240 * 

hX I -s -DL - PU-238 0 33 E - 3 
*L-239 5 02 E - 2 G 

4 \ ' 12962 DL-240 Y 

LLD WITS 

5 E - 8 uc1I'g 
J E - 8 uC,/~ 

Deputy Diredor, Laboratory 
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18 SOIL SAXPLES, DATE RECEIVED 11/15/90 

SAWLE I D 

kXI-S-BL- 
8 * 
A \ L 12963 

kX?-S-”L- 
13 
A \ L 119iC 

12/28/90 

AWYSIS COYCEXXRATIOX ERROR EST t;NITS LLD LTITS 

PU-238 0 0 0 E ; Q  6 3 S E - 2  
-239 4 98 E - 2 
pfj-245 * 
PU-238 0 CO E - 0 
PU-239 3 95 f - 2 
E-240 * 

P p 2 3 8  1 5 9 f - 2  pCf/g 
PC-239 1 1 3 5 - 1  pCff g 

- 
PI=-238 0 CO f - 0 2 31 E - 1 pCf/g 2 z - I ,Cf g 

pcr210 * 
- 9 -  PC-239 9 6 3 : - 2  - ¶ -  t - I 3C:tg 2 E - 5 -Ci/g 
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